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THE EVOLUTION THEORY 

of this accessory idioplasm must, however, lie looked for only in the 
egg-cell. 
In plants this 1)ud-idioplasm must l)e complete germ-plasm, 
because the 1)ud, ling starts only from one kind of cell, the cambimn- 
cells ; 1-,ut in animals in whichas i seemsit alwtys proceeds from 
at leas wo difliren kinds of cells--those of the ectoderm and those 
of the en,lo,lerm--thc mntter is more complex. In this ease these 
two kinds of cells will c)ntain as 1,ud-i,lioplasm two diflhrent groups 
of determinants, which mutually e)mplete each other and form 
perfee germ-plasm, and only the eo-operat.ion of these two sets will 
give rise ) the format.ion of a bud. I will not, however, go further 
into detail in regard to these relati(ms, for the theory can d() nothing 
more here than formulate what has 1,een ol.served; it is hardly in 
a 1)ositim to help us t) a 1,citer mMersan(ling of the facts. 
The ease is not much clearer in regard to the processes which 
lead to the replacing of los parts. The manifohl 1)henomena Of 
regeneration can also 1,e 1,rough into harmony with the theory, if we 
atrilne to those cells from which he replacing or entire reconstruc- 
tion of the los par arises an ' aeeessory-idioplasm,' which, a leas, 
contains the determinants in,lispensal,le to the building" up of the par. 
It is possil,le t.ha the assmned accessory i,lioplasm frequently contains 
a nmeh larger complex of determinants, and that i depends on the 
lil.erating stimuli which, and how many of these, will leeome active. 
If we take a survey of regenerative phenomena in the animal 
kingdom, i strikes us at once t.ha he capacity is very diflbren in 
differen species, extraordinarily grea in some an,l very sligh in 
others. In general it is greater in lower animals han in higher, 1)ut, 
nevertheless, the degree of differentiation emmo be the only factor 
tha determines the capacity for regeneration. Tha unicellular 
t,rganisms can completely replace lost. pars, that even a piece of an 
infusorian can reeonstrue the whole animal if only the piece contain 
a part of the nucleus, we have ah'eadv seen when discussing he signi- 
ficance of the nuclear substance. In his ease the nucleus must 
contain the complete germ-plasm, that is, the collective determinants 
of he species, and these induce the reconstruction of the lost par, 
hough they do so in a way tha is still entirely obscure o us. In 
the meantime, our interpretation will no carry us further, either here 
or in regard to any other order of vital phenomena. To go further 
would be little short of propounding a causal theory of life itself ; i 
wouhl mean having a complete and real 'explanation' of what. 'life' is. 
As ye no one has been able to claim his position. We can see the 
different stages through which everyorganism passes, and that they arise 
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direction, so that half the tentacles crone (o lie to the right, the other 
half to Lhe left, while the lo(ly developed between Lhesc wo groups, 
so that they l)eeame further and further sepm'ted from each other,. 
till finally the original transverse axis of the animal became the 
longitudinal axis. One 'roup of tentacles survived and surroundc,l 
the new mouth, while le other at the apposite l,oral pole, tim new 
foot, died oX This total change of structure in the polyp, a.s h) the 
arrangement of its main parts, points to mknown forces, which 
etumot depeul on O,e determinants as such, but on the vital 
characters of the living lmrt, and on the interactions ofhih 
one another. 
The same holds true of all the lower Metazoa. that have highly 
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Fro. 9 6. A Phmarian cut transversely into 
of seven of these into entire animals is shown. 

nine pieces. The regeneration 
After lIorgan. 

developed regenerative capacity, not only of polyps, lut of worms 
such as the Planarians. Through the experiments of Loeb, Morgau, 
Voigt, Bickford, and others, we know tlmt these animals respond to 
Mmost every mutilation l,y complete reconstruction, that they may, for 
-instance, as is indicated in Fig. 9 6, le cut transversely into nine or ten 
pieces with the result that each of these pieces grows again to a whole 
auimal, unless externM influences are unfavouralde and prevent it. 
Something similar happens if the head 1,e cut off t Tulularia- 
polyp, it forms a new head with proboscis and tentacles. It does so, 
at least, if the stalk of t, he polyp be left in the normal position" 



16 THE EVOLUTION THEORY 

we drew from the facts cited above, according to which the faculty 
of regeneration comes under the law of adaptation. For the 
disappearance of this faculty must take pbce very much more .locly 
that its gv.u'th. For iustnce, the development of the tail-fin of the 
whle has long been an ccomplished fct, while the hind-legs of this 
colossal mammal, which were rendered useless by the development of 
the tail-fin, still lie concealed in a rudimentary state within the 
muscles of the trunk. Yet these limbs must have lost their significance 
for the animal exactly at the time theft the tail-fin became more 
powerful. Thus the rct.rogression must have taken place more slowly 
than the progressive transfl)rmation. 
It is clear, then, that the faculty of regeneration is not a prima W 
character of living beings occurring uniformly in all species of 
equally high organization and in all parts of an nimal in the same 
degree; it is a power which occurs in animals of equal complexity in 
as vatting degrees as in their parts, and which is manifestly 
regulated 1,y a, laptatiou. Between parts xvith the ficulty of re- 
generation and parts without it there must be all essential difference; 
there lllUSt be present in the former SOlnethilg that is wanting in the 
latter, and, accordiug t,o our theory, this is the equipmeut with 
regencrafion-dcberminaubs, bhab is, with the deberminanbs of the paths 
which arc bo be reconstructed. 
If this be really so it should be capable of proof, ab leas in so 
far bha we should be able o establish thab bhe power of colnplcbing 
or re-forming a damaged or losb par is a ]imibed one, localized il 
certaiu parts aud cell-layers. This can be acbually proved, as may be 
secn from nmnerous cases in which fle faculty of regeneration is 
associated with autobomy, bla is, wifl fle power of breaking off 
or dropping off a parb of the body. Even in worms we find hi8 
power, as we menioned before in speaking of le high regenerative 
capacity of LwmSricuh. This worm reproduces in SUllllner by what 
is called'schizogony,' thab is, l,y breaking into two, three, or more 
pieces, and ib does nob seem o require a very sbrong stimulus, such as 
pressure of the end of the worm by bhe jaws of all insect larva, to 
start this rupture; it often follows from quite insignificant friction 
on the ground. Certainly he power of regeneration is so grea in this 
animal that it is ou of the question to talk of localizing the primary 
constituents of regelmraion; ahnosb every lwoken surface is capable 
of regeneration. 
But this localization is well illustrated in Insect.s and Crustaceans, 
which possess the power of self-amputation iu their appendages, 
especially in their legs. As far back as 85 MacCullock observed 
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a priuciple which always creates what is useful. I refer to the 
regenerat,ion of t,he lens in tim newt's larva. 
G. Wolff, an ohst, inate opponent, of the theory of select, ion, 
art, erupted to solve the same proldem as I had before me in my 
exl)eriment,s Oll t.he regeneration of the inh.rnal organs of newt,s, thtt 
is, be fried to auswer tim Tcstivn whether organs which are never 
exposed to iRiury or t,o cOral,lore rcm(val in the e(m, liious of natural 
life, and which couhl not, t.hcrefre have l(.cn influenced il, t.lSs 
direetion l)y the processes of selection, are nevertheless eapal,le of 
regenerat,ion. He extirpated the lens from t.le eye of Trit, on larvm, 
and saw tha.t iu a short, time it was forlned anew, and from this he 
concluded that there was here 'a new adaptiveness appearing for the 
first, t, ime,' an,l that therefore a,laptive fol'ees must, be d(nninant, within 
the ol'gmism. The eurrent, theory of the 'mechanical' origin of 
vit,al a[just, ments seemed t) some to 1,c shaken I.y this, and t,he 
pr()elamtion of the old ' vit,al force' seemed imminent. And in 
t,l'Uth, if the 1.()dy were really al.]c t,o replace, after artificial injury, 
part,s whieh are never liable to injul T in natural eondit, ions, and to 
do so iu a mos beaut.iful and apppriat,e rammer, then there wouhl 
1.e nothing for it, l.ut at least to regard t,he faculty of rcgem, ration as 
a primat 3, power of living creatures, mM t) t, hiuk of t.he organism as 
like a crystal, which invarial,ly completes itself if it, le damaged 
in any part,. Bu we have to ask whether this is really the ease. 
What, makes the regeneration ()f t, hc lens seem part,ieularly sur- 
prising is t,he fact, that in the fully formed animal it must, m'ise in 
a maturer diflbrent from that in which it develops in tlm embryo, that 
is, it nmst be formed from diflbrent, eell-mat, erial. In the embryo it 
arises by the proliferatim and invagination of the epidermic layer of 
cells to meet, the so-called 'primary ' optie vesicle growing out fl'om 
the brain--a mode of development, whieh eammt, of course le repeated 
under the alt,ered conditions in the fully developed animal. The 
reconstruction of the organ nmst therefore take place iu a di)l'ent 
way, and if the organism were really alde, the very first time the lens 
was removed, o react in a nmmmr so pel'feetly adapted t.o the end, 
and so to inspire certain cells, which had till then had a dibrent 
function, tha they could put together a lens of flawless 1.eauty and 
transparemy, we should have reason to suspect that, nearly all our 
previous eomeptions were erroneous, and to fall back upon a belief in 
a piritt ,ector iu t, he organism. 
But, t, he excision of the lens in these experiments was not. 15" any 
means an unpreeedeuted occurrence  It, is true enough that newts in 
their pools are not lial,le t,o an operation for eatalet, but it does not 
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cells on the posteri,r wall and the margin of the iris. And it is 
certainly not the ,bseu'e of the lens which gives rise to its renewal, 
as wouhl necessarily be the case if it were due to the dominance of an 
adaptive force. If the lens, instead of ],eing excised, ],e simply 
pressed back into the vitreous humour occupying the cavity of the 
eye, a new lens is developed all the same from the irritated margiu of 
the pupil. And if 1,y chance this margin ]ms been irritated in two 
places while extractim of the lens was Icin V performed, then two 
small lenses will devehq) (Fig. 99. B). Indeed. several may 1,egin to 
develop at tle posterir wall of the iris, althmgh they do not attain 
to full devehpment ; mechanical irritation f any part of this cell- 
layer is responded h 1,y the fiwnmtim of lenses. This surely disposes 
of the ' mystical nimlus' which would dazzle us witl a new fn'ee of 

B 

FIG. 99- P, egeneration of" the lens in the Newt's eye. A. section through 
the iris (J ; fr,,m its margin and posterior (retinal) surface the primordium 
of a new lens (L has developed after the artificial removal of the old one. 
B section through the eye after duplieatcd regenerati-n of the lens (L) from 
two areas of the iris. (;l, vitreous huntour. J iris. C cornea. R, retina. 
After Fischel. 

life, always creating what is appropriate. We have before us an 
adaptation to tle lial,ility of newts' eyes to injury, which, like all 
adaptations, is only relatively perfect, since under the usual couditious 
of eye injury it gives rise to a useal,le lens, 1,ut under unusual conditions 
to unsuital,le structures. It is exactly the same as in the ease of 
animal instincts, which are all ' calculated ' for the ordimt ry conditions 
of life, but, under unusual conditions, may operate in a maturer quite 
unsuited to the necessary end. The aut-lion has the instinct to 
bore backwards into the saud, and lie makes the same backward- 
pressing movements when placed ou a glass plate into which he eammt 
force the tip of the al,domen. The same is true of the mole-cricket, 
which lnakes its usual digging movements with the forelegs even on 
a plate of glass. The wall-l,ee roofs over her cell when she has laid 
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of what is useful or ,lisadvantageous, and that it lllllst take this course 
aeeor, ling to the given rcgenerttion-meehanism and the stimulus 
supplied in the special ease. It camot be supposed that these 
supernmnerary heads and tails are purposeful, but who wouhl expect 
an adaptive reaction from t.he animal in a case like this, since cuts of 
the kind which we make art.ificially, and t X'eq ,)l)e, artcially 
if the deformities are to develop, hazelly occur in nature, and, if they 
did occur, would very luickly close up again  A&ptttions can only 
develop in response to conlitious which occur and recur in a majority 
of eases, and when they lmve a useful, that is, species-preserving 
result.. The adalt.ivt'ncss f the (n'ganisln is llin,1, iL does llOL see the 
individual ease, i only takes into account the eases iu the mass, and 
acts as it must aft.er the mechanism has once been evolved. The ease 
is the same as that of ' ,ber,'m,t' or mistaken instincts, whose origin 
1,y means o[ selection is the more clearly proved, since we must 
recognize such an instinct as a pure meeluufism md not as t.he 
mteonm of purposeful forces. 
In the regeneration of Planarians we must think of the rcgenera- 
tion-idioplasm a.s containing the full complex of t.he collective 
,leterminmts of t.he three germinal layers, and possibly we must 
mhl to this cells with the complete germ-plasm for giving rise to 
the reproductive cells. But when the amputated tail of the new 
is regenerated, or its leg, or the arm of a starfish, or the i-,ill of a 1,il'd, 
we have no ground for assuming t.hat the cells, from which regenera- 
tion starts, contain the whole gerln-plasm, since the determinants of 
the replaeeal,le 1,art.s suffice to explain t.he facts. We must even 
dispute the possil,ility of the presence of the whole germ-plasm in 
this ease, because the faculty of reg'enerat.ion of the relevan cells is 
really no longer a general one, but is limited to the reproduction of 
a particular part. This is seen in the fact that, in the starfish, whose 
high regenerative capacity is well known, the central disk of the 1,ody 
may iu, leed give rise to new arms  ; lint an excised arm, to which no 
part of the disk adheres, is in most starfishes unaI,le to give rise to 
the body. Thus the arm does not eoutain in its cells the determinants 
of the disk, but the latter contains those of the arm. We are not 
surprised that the amputated tail of the salamander does not reproduce 

 I see n,xv that there are contradictory statements in regard to this case. 
t'ossibly hese depend on the different behaviour of differen species, and this on the 
varying frequency of mutilation. Starfishes vhich live on the shore between he 
rocks, for instance on tho movaMe stones of a breakwater, are very fl'equently 
mutilated; in some places it is rare to find a specimen without raees of tbrmer 
wounds. H.D. King counted ammg i9r 4 specimens of .Aslo'ias rtlgaris co6 in the ae5 
,-,f regenerating a part, hat is, io.76 per cent. In the case of the starfi,;hes from deep 
wafer this canse ,,f injury does not of course exist. 
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the same grmn,1, therefore, as that on which the whole determinant 
theory is l,ased. The regeneration-determinants mus be contained 
( t('] in the germ-plasm, otherwise a twofold phyletic development 
could not have occurred, as it actually has, in many parts. The tail 
of the lizard is adapted for autotomy; it lweaks off when it is hehl 
ly the tip, and this depends ou a special adaptation o the vertelw;e, 
which are very brittle in  definite plane t''om the seventh onwards. 
This is thus a very eflbetivc adaptation to persecution I,y enemies. 
The tail which has l)een seized remains with the pursuer, but the 
lizard itself escapes, and the tail grows again. But this regeneration 
fdoes not ta.ke 1)btee in file same way as in the embryo; no new 
vert.ebrm a.re formed, lut only a ' earLilaginous-tul,e,' a new structure, 
a substitute for the vertel,'al eohmm ; the spinal cord with its nerves 
is not re'enerat.ed either, and the arrangemenL of the scales is 
somewhat difli'rett.. 
This last poinL, in particular, indicates thaL the determinants of 
the regeneration-rudiment may pursue an independent phylogenetie 
path of their own, for this scale arrangement of the regenerated tail 
is an atttvistie one, that is, it corresponds Lo a more primitive mode of 
scale arrangement in these Sturians. We know luite a numl)er of 
eases similar" to this. IL not infrequently happens that cut-off parts 
regenerate, 1.mL that they do so not in the modern form, 1,ut in one 
thaL is in all probability phyletieally older. Thus the legs of 
various Orthoptera, as of the cockroaches and grasshoppers, regenerate 
readily, 1)uL wifli a tarsus composed of four joints instead of five l, 
and the long-fingered daws of a shrimp (Atyoida p,,timirb) is 
replaced by the older short-fingered type of claw, while in the 
Axolotl an atavistic five-fingered hand grows instead of the amputated 
four-fingered one. 
This last ease shows that iL is not lnerely a lesser power of 
growth that accounts for the diflbrenee beLween the regenerated parL 
and the o'iginal, for here more is regeneraLed t.hau was previously 
presenL. There remains noflfing for it but the assumption that the 
regeneration-determinants have remained aL a lower phyletie level, 
while the deLerminants which direeL embTogenesis have varied, 
and either developed further or retrogressed. It is easy to nnder- 
stand Lhat the regeneration-rudiment must vary phyletieally much 

1 lexv investigations, specially directed to this poiut, by R. Godelmann have 
shown that 'in the grvat majority of cases' the regenerated legs of a Phasmid 
(Bacilhs rossii)exhibit a four-jointed tarsus; but the regeneration of five joints also 
occurs, though only after autotomy aud only in seven out of fifty cases (Archiv flit 
Entwicklungsmechanik, ]3d. xii Heft , July 9ot). The regeneration-rudiment in this 
species seems to be in process of adwmcing slowly to the five-jointvd type. 
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vi,hml fr,,m definiLe cells--the reprductive cells--with (,r witdmuL 
sexuM diflk, rent.iaLion, 1,ut. from ,t.her cell-groups also, these must 
contain the wlmle complex of ,leterminmt,s appertaining t,o tle 
recmst.ruct.im of the rg'anism, and we have to ask how this is 
rec,milal,le with the diflrentiat.ion of a mulicellulm" organism, 
whose diflkrenL kinds ff cells depend, according o our inLerpreLat.ion, 
tm the facL that. Lhcy are emtrllcd by dik'rcnL det.erminans. 
O],viously, there is only one way ouL of t.his ,lieuly, md i 
is the ne we have alr,,ady indicated, that. although the diffuse 
regenerat.ive etpacity which we have jusL alluded to occurs in species 
which cxhildt, gt.mmat.im, this d,es not exclude t.he eonh'ol ff t cell 
1,y a specific dcterminmt; othm" determinants may be contained in 
the cell, in a st.ate, lttwcrer, in which they 1 nt. aflbcL it., that is, 
in an inactive or latenL stat.e. 
Thus we arrive in this way Mso at. our earlier assumption thaL 
an inactive meessry-i,liqltsm is given to all, or at. 'least. t.o mmy 
eell-gm,rMit,ns. (hly ammg plaints must this nceessrily l,e complete 
gel"m-plasm, md ammg film l(,wer llanL-forms, as in Cattle7,t among 
the Algw, in ]b,'cl, t,lia ammg Liverworts, it. musL l,e assumed to 
le present, in nearly all the cells, according o the experiments 
in regeneration made 1, 3" Reinke and VSeht.ing'. Bu in mulLieellular 
animals which develop from two differenL germinal layers equipped 
with a different, complex of deLerminans ],udding arises from a 
coml,ination of at. least, t.wo diff,.rent, kinds of cells, mad we must. 
,nly aseril,e o each of these its own peculiar detcrminant-eomlflex 
as reeneraLion-idioplasm. Higher plants show us that wcll-mm'ked 
power of l,udding" is not neeessmqly associated with a high regenerative 
capacity, Lhe hist.ologieally specialized cells ammg them will eonain 
no inact.ive gcrm-plasm, because Lhey do not. need it. But. in animals 
the power tff 1,udding is prolal@ alwys combined with high re- 
generat.ive eapacit.y, as is shown ly the Polyps and Nedusoids al,ove 
all, and in a diflbwnt, way by the CLenophores, which exhibiL no 
lmdding and at. the same t.ime a very slighL regenerative eapaciLy, 
although they possess m oNanization scarcely higher t.han that of 
the Hydromcdusm. In t.he Ct.enophores each of film first segmentation- 
cells, when art.ificially separated, yields only a half-emlryo, and we 
may conclude from t.his t.hat, iL contains no eompleLe germ-plasm in an 
inactive sa.t.e, or a least, ve W litl, le, and certainly noL a sueienL 
quanit.y to make it. readily regenerat.ive. 
Undoubtedly, however, the regenerative capacity occurs apar 
from the capacit.y for l,udding, yet. this in no way eont.diet.s the 
heo3. As we have seen, a high regeneraive capacity is Lo be 
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ment !,esidc or upon one another form an extremely complex sructure, 
the id. Ids aud determinants arc living vital unities. Each nucleus 
contains several, often many, iris, and tim mmler of ids varies with 
the species and is constant for each. The ids of the germ-plasm of 
eh species lnve had a historical ,lcvclopment, and are derived from 
he germ-1)lasm of the preceding lineage of species; therefore ids 
can never arise anew l,ut only through multiplication of already 
existing" ids. 
And now, eluipped with this knowledge, let us return t,o the 
point from which we sttrted, aud inquire whether the Lamarckian 
lwinciplc of evolution, the inheritance of functional modifications, 
mut 1,e accepted or rejected. 
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support the Lanmrckian principle. One could only say: Certain 
injuries to the nervous system give rise secondarily in guinea-pigs 
to morbid phenomena like epilepsy, and all sorts of functional dis- 
turbances of the nervous system often appear in the next generation, 
including in rare cases even the phenomena of epileptic convulsions. 
That this is a ease of the transmission of an acquired anatomical 
modification brought ahout by the iiury is not only unproved, but 
is decidedly negatived, for the injuries themselves are never trans- 
mitted. Thus wha is trmsmitted must be quite different from what 
was a(.quire,1, for no one has ever detected in the offspring the lesion of 
the nerve-trunk which was cut through in the palnt, or any other 
result exeep the disease  which the original itjury gives rise. 
Moreover,he inheritance of hese m,,rldd phenomena has l,een again 
1,fought into dispute (luite recently owing to the iuvestigations of such 
experts in nervous diseases as Sommer and Biuswanger, and the cor- 
rectness of Brown-Sdquar, l's results, which have dag'ged through the 
literature of the subject for so long, has been emphatieMly denied  
Clearly formulated problems, like that of the inheritance of 
acquired eharaetem, should not be confused by briuging into them 
phenomena whose causes are quite unknown. What do we know of 
the real causes of those central brain-irritations which give rise to the 
phenomena of epilepsy ? It is certain enough that there are diseases 
which are acquired and are yet'inherited,' but that has nothing to 
do witl the Lamarekian principle, because it is a question of i-ofectiot 
of the germ, not of a definite variation iu the constitution of the 
germ. We know this vith certainty in regard to the so-called 
Pebrine, the silkworm disease which wrought such devastation in 
its time; the germs of the pebrine oganism have 1,een demonstrated 
i tle egg of the silk-ninth ; they multiply, not at once but later, in the 
young caterpillar, and it is the hMf-grown caterpillar, or even the 
moth. that sueeulnl)s to the disease. 
Whether iu this ease also the disease germs are transmitted 
through the lnale sex-cells is not proved, as far as I am aware, but 
that this can happen is shown l,y the transmission of syphilis from 
father to child. That in this ase, also, the exciting cause of the 
disease is a micro-organism cannot be doubted, although it has not yet 
been proved. Thus even the minute spermatozoon of Man can contain 
microbes, and transmit them to the germ of a new individual. 
This diseussiou of scientific questions ought not to be brought 
down to the level of a play upon words, by bringing fonvard eases 
like the above as evidence for the inheritance of ' acquired characters,' 
 See H. E. Ziegler's report in Zool Cetralblg 9oo, Nob. I2 nn(1 13. 
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play of a cat, ordinarily very clever at catching, as she attempted 
to seize a pcaeoek-l,utterfly (V..e. I@ which settled several 
times on the ground in fr)nt of her. Quietly and slowly she crept 
within springing distance, 1,ut even during the spring the butterfly 
flew u 1) just before her llOSe alld escaped eve 3" time, and the cat gave 
i up ariel" hree atemps. 
In this case the beginning of the action cannot lie in a voluntary 
action, for the insect emmoL know what iL lneans o be caught lid 
killed, and the same is true of imiulneral,le still lower aninml forlns, 
the hermit-crabs and the Serpulids, which vithdraw with lightning 
speed into their houses, an, l so forth. IL seems Lo lnC ilnporall 
theoretically, Lha the same action can le liberated a one Lime 
1,y he will, aL another hy the inl,xn instinct-mechanism. In both 
cases quite similar association-changes in the nerve-eelLres must 
lie aL the root of the aninmi's actio, l,uL in the first case these 
are developed only in the eotmse of the individual life by exercise, 
while in the second they are inlrn. In the former, hey are confined 
Lo he individual, and must 1,e acquired in each generation by imita- 
tion of older individuals (tradition) and 1,y inference from experience, 
in the latter they are inherited as a sLal,le chartmLcr of the species. 
IL has l,een maintained ly many LhaL the origin of instincts 
Lhroug'h processes of selection is nt)t conceivable, 1,eeause it is 
improbal,le LhaL the appl'opriate variations in the nervous s3"stelll, 
which are necessary for the selective esLal,lishlnent of the relevant 
braill-lneehanism, shouhl occur fortuitously. But this is an oldeeLion 
directed against the principle of selection itself, and one which points, 
I think, o all incompleteness in i, as it was understood by Darwin 
and Wallace. The same oljeeLion can I,e made to evelv adaptation 
of an organ hroug'h natural selection ; it is always doulLful whether 
the useful variations wilt present themselves, as long as they are due 
solely Lo chance, s he discoverers of the selective principle assumed. 
We shall attempt later to fill up this gap in the Lheol'y, hut, in the 
meantime, I should like Lo poin out that the l)roeess of selection 
ofll'S the only possil,le explanation of the origin of instincts, since 
heir origin through modifications of voluntary actions into instinc- 
tive actions, wih subsequent ransmission of the instileL-nmehaliism 
due Lo exel'eise in the individual life, has been shown Lo be unenal,le. 
If any one is still unconvinced of this, I can only refer to the 
cases we have alredy discussed of instincts which are ouly exercised 
once in a lifeLilue, since, in these, he only factor that can ransform 
a voluna W action into an instinctive oue is absent, namely, 
frequen repetition of the action. In this .case, if any explanation 
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is to be attempted at all, it can only he through natural selection, 
and as we have assnmed once for all that our vorld does admit of 
explanation, we may say, these istim't. have ('i'en th'o.ugl 
selection. 
Even though it may he dicult to think out in detail the process 
of the gradual origin of such an instinctive activity, exercised once 
in a lifetime, such as that, for instance, which impels the caterpillar 
to spin its intricate cocoon, vhich it makes only once, without ever 
huving seen one, and thns without being alde to imitate the actions 
which produce it., we must not push a.side the only conceivalde 
solution of the prol,lcm on that account, for then we should have to 
renounce all h)pe of a scientific interpretation of the phenomenon. 
We may ask, h()wevcr, whether there is not something lacking in our 
present conception of natnral selection, and how it comes alout that 
useful variations always crop up and are able to increase. 
Bat if we must explain, through natural selection, such complex 
series of actions as arc necessary to the making of the cocoon of the 
silkworm or of the Saturnia moth (,t'nh ('t7,ini), what reason 
have we f)r not referring other instincts also to selection, even if 
they 1.e repeated several times, or often, in the course of a lifetime? 
It is illogical to drag in any other factor, if this one, which has leen 
proved  operate, is sufficient for an explanation. 
Thus, as far as instincts are concerned, there is no necessity 
to make the assumption of an inheritance of functional changes, 
any more than Oere is in regard  any purely morphological 
modifications. As the instincts only exercised once show us that 
even vc T complicated impulses may arise without any inheritance 
of hal.it, that is, withont inheritance of functional modification, so 
thcrc are among purely morphological characters not a few which, 
though eflL, ctive, are purely passive, which are of use to the organism 
only through their existence, and not through any rcl activity, 
tha they cannot he referred to exercise, and therefore cannot le due 
o the transmission of the results of exercise. And, if this 1,e the 
case, then transformations of the most diverse parts may take place 
without the inheritance of acquired clmrters, that is, of functional 
nodifications, and there is no reason for dragging in an unproved 
mode of inheritance to explain a process which can quite well he 
explained without it. For if any part whatever can be transformed 
solely through nat.ural selection, why, since there is general variability 
of all parts, should this be confined to the passive organs ulone, when 
the active ones are equally variable, and equally important in the 
struggle for existence? 
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There are, indeed, mauy of these passive parts amoug animals; 
I need ouly recall the coloration of animals, the whole se of skeletal 
pars, so diversely formed, of the Arthropods, the legs, wings, antennm, 
spines, hairs, claws, and so on, none of which can be changed 1)y the 
inherited results of exercise, because they are no longer capable of 
modification by exercise; they are ready before they are uscl; they 
come into use only after they have been hardened 1,y exposure to the 
air, aml are no longer plastic" they are a lnOS capal,le of I,eing used 
up or mutilated. Finally, even so convinced an advocate of the 
Lamarckian principle as Herl,ert Spencer has stated that among 
plants the great lmiority of characters and distinctive features 
caunot Ie explained by it, but only through the principle of selec- 
tion; all the diverse proeetive arrangements of iudividual parts, 
like thorns, 1,ristles, hairs, the felt-hairs of certain leaves, the 
shells of mts, the fit anl oil iu see, is, the varied arrangements for 
the disl).rsal of needs, and so on. all operate I,y their preenee 
ahme, m)t through any real activity which causes them to vary, 
ami the re.suits of xvhieh might 1,c trausmitte, l. An acacia eovere, l 
all over with thorns scldnn requires to use its weapons even once, 
an, l if a hung T ruminaut does 1,rick itself on the thorns it 
only t few of hese which are thus 'exercised," the rest remain 
untouched. 
But since all these parts ]lave originated notwithstamling their 
passivity, there mus be a principle which evokes hcm in relation 
to he necessities of the conditions of life, and this can only 
nt, ural selection, that is, the self-regulation of variations in refereuee 
to uiliey. Aml if there is this principle, we require no other 
explain what is already explaiued. 
I can quite well uudersand, however, tha many naturalists. 
and especially palteonologists, find it difficult to accept this 
elusion. If we think only of those parts hat actively function, and 
thus change 1,y reasou of their function, being strengthened l,y use 
and weakened and diminished in size by disuse, and if, further, we 
follow these parts through the history of whole geological epochs, 
we may certainly get the impression that the exercise of the parts 
has directly caused their phyletie evolution. The direction preserihed 
by utility in the course of the individual life and in the phylogeny 
is he same, and he intr-seleetion, ha is, the selection of tissues 
within the individual animal, leads towards the same improvements 
as he selection of 'persons.' Thus i appears as if the phyletie 
variations folloved those of the individual life, while in reality 
he reverse is true; he changes arising from variations in the 
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lasis for selection. Oslorn says very neatly in this connexion, ' We 
sue with Weismann and Galton the element of chance; 1,ut the dice 
appear to 1,e loaded, and in the long run turn "sixes" up. Here arises 
the question: What loads the dice 3' 
Until reeent.ly we might have answered, ' external conditions'; 
it is they that load the dice one-sidedly, and condition tlmt the same 
straight path of phylogenesis is adhered t.o, and exactly the same 
direction of variations is preferred aml maintained, it has to be 
asked, however, whether this auswer, which is certainly not absolutely 
incorrect, is sucim 1,y it.self, whether the dice are no falsified 
one-sidedly loaded in another sense, so tha hey always throw 
preponderating numl)er of the useful variations. We shall attempt 
very soon to solve this l,rol,lem, },ut in the meantime I must refer 
to anof.hcr argument in favour of assuming the Lamarekian 1)rineil)le, 
perhaps the most important and it may l_,c thought the most difficult 
of all to refute, t.he so-called eo-a, laptation of the parts of an organism, 
that is, the fitting together of many individual organs for a common 
purposeful functioning. 
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developed in opposite directious. In the giraffe, for instance, the- 
fore-legs are long'er than the hind-legs, which is the reverse of what 
obtains in the majority of ruminants ; in the kangaroo the hind-legs, 
on the contrary, hve developed to a disproportionate size, while the 
fore-legs have degeneruted hto relatively small grsl)ing rms. 
Co-operathg par, like the fore and ldnd lhnbs, may fires follow 
opposite paths of evolution; their variations need not always be 
directed to the same end. 
The dculty presented by these so-called co-adaptations or har- 
monious correlations camob be denied, nd we nust also admit bla, 
if the sults of exercise were inherited, the explanation of the phe- 
nomenon would, in ninny cases--but nob, indeed, in all--be easy, 
because the adaptation of the secondarily wu'ying 1)arts in each 
individual life wouhl correspond exactly  the altered fuuction of 
the part, and would I,e transn,itted to the descendants, and in flen 
would again 1,e sul.ecb to such a degree of wriation, according to the 
principle of histonal selection, as might 1)e conditioned by the further 
progress of the primary variation. The simplicity of the exl)lmaation 
is striking, if only it were at the same time correct l But there are 
whole series of facts, or nther of groups of facts, which prove that 
the causes of co-adaptation do not lie iu the inheritmce of functional 
modifications, and this must be recognized, even though we may nob 
yet be in a position to ste the causes of co-adaptation, and to say 
whether natural selection suffices to explain it or not. 
I must fist point out that co-adaptations occur not only in 
ctively, b-tt dso in, pa.icely fltctio.nitg ptrts. Ve T numerous 
insbructive examples are to be found among the Arthropods, 
whose whole skelen belongs to this category. It has 1,een 
olOected that this is not wholly passive, but that, like the bones of 
vertebras, it is stimulated by the contraction of the muscles and 
incid to functional reaction, and that it thickens at places where 
strong muscles are inserted, and becomes or remains thin where ib is 
not exposed to any strain from the muscles. But this is not the cse, 
for the chthous skeleton can only offer resistance to the muscular 
contractions vhen it is no longer soft, as it is hnmeditely after it is 
secreted. As soon as it has become hard, it cn no longer be altered, 
and cau at most be vorn away externally by long use. The proof 
of this lies in the necessity for moulting, which is indispensable 
to all Arthropods as long as they continue to grow, but does nob 
occur later. Every one vho has followed the growth of an insecb or 
 crustacean knows well that the moultings or ecdyses are often 
accompanied by great change, and hardly ever occur without some 
II. 6 
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slight changes in the form of the lody, especially of the limbs, with 
their teeth, bristles, spines, and so on. These new or transformed 
pr re formed before the throwing-off of the old chitinous shell, 
and under its protection, nd they are lrought about by an eluboration 
or transformation of the living soft mtrix of the skelen, the hypo- 
dermis, which consists of cells, and is the true skin. They must thus 
have arisen in the ancestors )f our modern Arhropods in the same 
way, that is, not ly a gradual modification durig use, but 1,y a slight 
sudden transfonmttion before use. The steps in the transformation 
may have heen very small, a bristle may have leeome a little longer 
in the second stage of life than it was in the first, or instead of five 
bristles a particular spot may bear six in tim seeond or third stage of 
life ; l,u he variatious iu he l)hylcic develol)men must ahvays le 
caused 1)y germ-wtriations which efl)et from within the variation in 
the relevaut stage of development. Bu the purr which has varied 
can ouly function after it has leeome firm and immodifial)le. 
If these circumstances be kept clearly in mind, they fur- 
nish a quite overwhelming mass of proof agMnst the views of the 
Lamarekians. 
Furthermore, it is not even true that the fliekest parts of the 
exenal skelen are those a which tle muscles are inserted. The 
wing-covers of beetles oflbr the best proof  the contrary, for there 
are no nmseles at M1 in them, yet they are, in many speeies, the 
hardest and fliekest part of tle whole chitinous coat of raM1. The 
reason is not far  seek; they protee the wings and the soft 
skin of the l,aek, which lies concealed beneath hem, and the museles 
are inserd in tlisIa lation which can be explained only ly 
its suitability to the end, and not s due to any diree 
When we remember the originwhieh ve have jus deseribed 
of the exnml skeleton from the soft layer of cells underneafl it, the 
thiekuess of the chitinous skeleton, which is vc W diflbrent at different 
places in the same animal, but always adapd to its end, furnishes 
a ee of co-adaptation in parts which have a purely passive function. 
The thickened part cannot be due to the insertion of a muscle, but it is 
Mways the in advanee, from internM causes, so flint tle muscle finds 
sufficient resistance. Close to it there may lie, perhaps, the edge of 
a segment, and at this spot the chitinous skeleton becomes almost 
suddenly flinned to a joint membraue capable of being bent or folded, 
not becanse there ws no pull from tle muscles at this spot, but in 
order float the two segments may be eomeeted movably. Thus, 
nowhere in the whale body of the Arthropod can the adaptation of the 
skelen, in regard to thiekucss and power of ristanee, be regulated 
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a piece of bark, a stone overgrown with lichen, an eye, and so on. 
In such a case the individual colour-spots stand in a particular, 
indirect relation to each other; although they are independent of 
ech other in their variation, they are not indifferent and due to 
chance, for together they produce a common picture; this is har- 
monious adaptation of many parts, where the Lamarckian principle 
is absolutely excluded. 
It may, perhaps, be oljected that this mimetic picture does not 
arise all at once, but very slowly in the course of long series of 
generations, and, indeed, of species. This must of course be so; 
the simple beginnings are complicated and perfected through the 
course of long ages. This is implied in the principle of selection 
as we understand it. But does any one suppose that the gigantic 
antlers of the giant-stag were developed in a few generations? In 
this case, too, mast not numerous rces have succeeded each other 
before the primitive antlers attained this enormous size? If this 
nust be assumed there was al)undance of time for the adaptation, 
through ge'mittal variations, of the secondarily varying parts, the 
muscles, tendons, nerves, and bones, for all these parts function 
.actively, and can without difficulty meet, in the individual life, the 
increased claims made upou them by a slight increase in the size 
-of the antlers. For the certain and indubitable consequence of 
.exercise, of increased use, is the strengthening of the functioning 
parts. 
Thus the appropriate gernfinal variation of the secondarily 
varying parts may be delayed for a little without the individual 
being any the less effective, or being obliged to succumb in the 
struggle for existence. I do not, however, assert for a moment 
thttt the whole explanation of the phenomena of co-adaptation is 
included in this; on the contrary, I hope soon to be able to show 
that we may in such cases assume a preponderance of variational 
tendencies in a favouralde direction, and that there is thus an 
indirect connexion between the utility of a variation and its actual 
occurrence. In the first place, however, I must refer to the other 
group of facts which I have indicated, which show, likexvise, that 
the simultaneous co-adaptation of difl'erent parts may arise in 
certain circumstances, although the Lamrckian principle be excluded. 
These are the facts presented to us by the sterile forms of those 
insects, which, like bees, termites, and ants, live together in large 
societies. 
Ants and bees are of special interest to us in this connexion, 
because they have long been carefully watched 1,y a nmnber of 
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distinguished naturalists, and most of their vital functions have 
been precisely studied. Ever since the days of ' Old Peter Huber' in 
Geneva there have agaiu and again 1)ecn excellent observers who 
have devoted ahnost the whole of their life-work and talents to the 
more complete study of these wonderful animals. These insects are 
of interest to us here, because, in the course of the social life, a type 
of individual has arisen which diverges in structure in many parts 
of the body from both the male and the female, although it is sterile 
and does not reproduce, or does so in so fev instances that the fact 
is of no momeut in considering the origin of the present bodily 
structure. As is well known, these neuters, or better, workers, 
are, among ants and 1,ces, females which dittbr from the true females 
not only in their smaller size and their infertility, but in many other 
points as well. Among ants, for instance, they are absolutely wing- 
less, and at the same time they have a much smaller and differently 
formed thorax and a large head. But the most striking poiut is 
the difihrence in their instiucts, for while the females, concerned only 
with reproduction, pair and lay eggs, it is the workers who feed 
and clean the helpless emerging larvm, and put them in places of 
safety, who carry the l)upm into the warm sunshine, and afterwards 
back again to the sheltered nest, who make this nest itself, and kee 1 ) 
it in order, after having colleted or prepared the material for it; 
it is they alone who defend the colony against the attacks of enemies, 
who undertake predatory expeditions, attacking the nests of other 
ants, and engaging in olstinate coml,ats with them. 
How can all these peculiarities have arisen, since the workers 
do not reproduce, or ,lo so only exceptionally, and, in any case, are 
incapal,le of pairing, and therefore--among bees at least--only pro- 
duce male off:spring? Ol,viously it cannot have been through the 
transmission of the effects of use and disuse, since they leave no 
ofl_pring to which anything couhl I,e transmitted. 
Herbert Spencer has attempted to maintain the position that 
the characters of the workers of to-day already existed in the pre- 
social state, that is, lefore the ants 1,egau to form colonies, and that, 
therefore, they lmve not been newly evolved but only preserved. 
:But, even if this 1,e conceded in regard to the care of the brood 
and the building instinct, so much remains that could not lmve 
existed at that stage, that the problem of the origin of these new 
characters remains unsolved. The wings, for instance, among ants, 
can only have been lost when females appeared which did not repro- 
duce, for the pairing of ants is associated with a nuptial flight high 
in the air. The wings are uot merely abseut iu the workers, tlmy 
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do not even develop in the pup,e; they are, as Dewitz showed, 
present even uov iu the larva in the form of imaginal disks, i,ut 
from the pupa-stage onwards they degenerate, and the segments 
of the thorax o which they are attached like,vise appear small and 
modified. A variatiou of the gc,an-plasm must therefore have taken 
place, and to this is due the fac that the wing-primordi no longer 
develop, and that the thorax has a different development from what 
it had at the time when the animals vere still fertile. 
It has indeed been said that there is no need for assuming 
a variation of the germ-plasm, since the degeneration of the wing 
might be produced by inferior nourishment. This opinion is based 
on the fact theft, among lces, the workers do actually arise from 
female larv which have received  meagre diet poor in nitrogenous 
elements, while the same female larv supplied with au abundant 
diet rich in nitrogen develop into quceus. 
But even though ve may a.ssmne theft there is  similar diflhrence 
in the mode of feeding among mst mts, because the workers are 
cousideral,ly smaller than the fertile females, it would be quite 
erroneous to conclude that the difference between the tvo types 
rests solely on the ect of differences in diet. The elimination 
of an individual organ has never yet been determined l,y lad and 
scanty nourishment; it is the whole auimal with all its parts that 
degenerates and becomes small and weakly. Often as caterpillars 
of differeut species have heen placed on starvation diet, whether 
for experimental purposes or to procure very small lutterflies, it 
has never yet happeued that a single organ, such as antenna, leg, 
or wing, hs thereby been eliminated or caused to degenerate. I have 
myself instituted many such experiments with the maggots of the 
blue-bottle fly, by supplying them from their earliest youth with just 
as little food as possible wiflout actually starving them to death, yet 
never have these larvm giveu rise to flies iu which the wings were 
absent or rudimentary. 
Nor did these starved flies ever exhibit degenerate ovaries; 
they were ahvays completely developed and equipped with the 
full number of ovarian-tubes. It ws to decide this particular poiut 
that these experimets were instituted, for my opponents maintained 
that degeneration of fle ovaries was a direct result of inferior 
nourishment. But that is not the se. Special investigations in 
reg'aM to ants, undertaken at my request by Miss Elizabeth Bickford, 
showed that the anatomical results reached by earlier investigators, 
like Adlerz and Lesps, in regard to the degeneration of the ovaries 
in workers, were aolutely correct, aud that the 'degeneration' 
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Wasmann informs us that the parasitic larvae grov up just at the 
time at vhich the ants are rering their workers, and it is these, 
therefore, which fall victims to the Lomechusa-larv, and the result 
is that a scarcity of young workers must soon make itself felt. The 
workers seek to make this good by rearing as workers all the larv 
previously destined for queens. But this only succeeds partially, 
because the development towards true females has already 1,egun; 
thus mixed forms arise. 
This explaua.ti,)l wouhl 1,e rather in the air if we di,1 not 
know that, am, rag 1,ees, such changes in the lna,nner of rearing are 1,y 
no means uucommon, hdced they occur regularly when the queen 
of a hive perishes and no more' female' e(s, are in store; young 
worker larvm are then fed with royal food, and these develop into 
queens. There can thus be no doult that these insects have it in 
their power to libera to activity either the felna.le ids or the worker 
ids 1,y a specific mode ()f feeding, an, l there is nothing contrary to 
reason in admitting the possibility of an alternation of this influence in 
the course of development, for something analogous occurs in regard 
to secondary sexual charters, as, for instance, the appearance of 
male decorative colours in (lucks that have become sterile. 
But this change in the mode of rearing bee-larv gives rise to 
pure lueens and not to mixed forms, and we nmst therefore regard it 
as undecided whether Wasnmnn's explanation is correct in this case, 
and whether an alnormality in the constitution of the germ-plasm 
may not le the te cause of this or other kinds of mixed forms 
among ants. In any case the ' Lomechusa hypothesis' rests upon the 
assumption of different kinds of ids in the germ-plasm, as Pater 
Wasmann expressly states, and the diflbrences between the worker aud 
queen-ants have their cause in this, and not directly in the kind of 
larval food. 
If there were not different ids corresponding to the difl)rent 
kinds of indiviluals in the g'erln-plasm a kind of 1)olynorphism 
might indeed have arisen in the colony through differences in 
nutrition, lut it could not have been of the kind we now see--that 
is, a sharply defined differentiation of persons, in adaptation to their 
diflbrent function,s. This presupposes elements in the germ which 
can vary slowly and consisntly in a definite direction without 
causing any change in the rest of the germ. 
This state of aflhirs gives to the phyletic evolution of the workers 
a great theoretical significance, for it proves that positive as well as 
negative variations of the most diverse parts of the body, that simul- 
raucous and correlative variations of many parts, can take place in the 
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T15s is certainly hgcn[ously and cleverly thought out, and it reads 
even better and more smoothly iu the original than in my brief 
summary, lut it will hardly le re'ar, lcd as a refutation of my 
position; th_hyl)othcscs are all too daring for that. We have no 
knowledge that partti,ns in o ca, l,e produced and 
conditioned by particular kinds of f((,l, and, indeed, the contra W has 
been proved, namely, that the two or three different castes of poly- 
nmrphic species htve precisely similar diet. ] uecd only recall the 
six forms of female il, l)ttpilio ,terol,e, of which at least three have 
been obtained from tle same set of eo.,., an,1 1,y feeding with the 
same plant. 
]t is true that there are ants which lay in stores of nourishment, 
1,nt these consist, for the most part, of one kind of seeds, or of honey, 
not of diflbrcnt sulstances, and we have n knowledge that the 
diflbrent pcrs,ns use ,lflhrent 5od, or even that there is my diversity 
in the mode of f,.edhg the helpless larvae. The feeding i some 
species taks place from mouth to mouth, anal therefore canuot be 
precisely investigated, and we can only suppose from analogy with 
bees that tim larv;, of tim n,a]cs and females fre[luently receive not 
only more al,umlant, 1,ut ,lualitativcly ,lifibrent food. They are fed 
from the crop unless the food consists of the pith of a tree in which 
the larvae ,re imbedded, as Dahl informs us is the case with some 
tropical ants of the Bismarck Archipelago. 
ut even if we assume that the sohliers take difihrent fd from 
the ordinary workers, and difibrent again from that of the sexual 
animals, is it ly virtue of the quality of their food that they have 
1,ecome what they are ? Have our lweeds of pigeons or hens been 
produced by difihrent ,liet, or ,h) we kuow anything in the whole 
range of aninml life of such a l)arallclsm letween fd and bodily 
structure as Zehndcr here assums And if, in reality, let us say, the 
breeds of pigeon had arisen through specific dieting, and we were to 
feed one pair with the specific food-stuE of three diflbrent breeds, 
would the descendants of this pair exhibit the form of these three 
breeds ? Or would they exhibit them in precisely the proportion in 
which the food-stuflh had been mixed ? It seems to me that Zchnder's 
assumptions diverg'e so far from what we are accustomed to regard 
as solid ground in bology that they hardly require consideration, and 
yet he not only uses them for the explanation of the case of the ants, 
but bases upon them the whole of his theory of the inheritance of 
acquired chaucters. 
He considers that the results of use (that is, increased function) 
are generally transmitted, because the increase in the organ which is 
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functioning lllOl'e strongly changes the composition of the 1,lood, by 
withdrawing from it in  greater degree the specific sul,stances which 
the ogan in question--a muscle, for instmcerequires for its tivity. 
All pas of the animal are thercl,y aflbcted and modified, but especially 
those smallest vital units or' fistelke (co espon,hng to biophors) which 
presi, le over digestiou, and of which there are several sorts. Among 
them those work most arduously which have to produce the specific 
sul,stances which serve for the nutrition of the muscles with increased 
function, because these are needed in hrgcr quantities. This kind of 
digestive ' fistella' therefore multiplies, while other kinds, whose 
products are not rc, luired an,1 thcl'efore not used up, cease to be so 
ctive, diminish in mnul,cr, an,1 in c()ul'sC of time disappear. In this 
wuy the composition o[ the ldood is altered, and with it to a gre,ter 
or less degree all the charcters of the whole organism. Of course 
the reproductive cells re also under the influence of this change in 
the composition of the bl,)od, 1,ecmse the different nutritive substances 
are accunmlated within them in an altered proportion corresponding to 
the changed composition of the ldood, the nutritive substances for the 
muscles with increased function l,eing contained in it in a larger 
quantity, and thus the greater development of the muscle will repeat 
itself in the progeny, that is to say, tle 
t.itted. 
I is olvious that this is precisely the same line of argument as 
tha used in reference t,) (]e origin of the worker and soldier ants. 
The different kinds of 'digestive fistellm' correspond {o the direut 
fd-carrying workers, and he 1,1ood to the assumed storehouse h'om 
which soldiers &lid workers select the food suitable for their respective 
needs, while the sex-cells in the one case, the sexual mfimals in the 
other, pal'fake Of all kinds exactly in the proportion ill which they are 
stored, and thus the organ which functions most vigorously lnust he 
stronger ill the offspring. 
How the minute quantity of nutritive mtel'ial contained in the 
ovum, still less in the sperm, is to effect the strengghelfing of the parti- 
cular muscles in the descendants is not stated ; lllOl'eover, such minimal 
quantities of food must soon be exhausted, and cannot possibly 
incl'ee. It would seem as if the lnUSCleS could not even legin by 
being stronger, much less that they shouhl remain so, if they were not 
exercised equally vigorously 1,y the descendants. If the specific 
nutritive stufl were ' fiste]be,' t.hat is to say, were living" units capble 
of multiplication, one couhl uldel'stand it. But there can, of course, 
le no possibility of a production of living units through digestion; 
that can only give rise to digested substances. Or if the alteration in the 
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composition of the l,lood 1,rduced in the tletern,immt system of the 
germ-plasm just those vu-iations reluisite to 1,ring about a strengfl- 
ening of the muscular system, it would remain to be shown how his 
could hapl)cn , for the gist of the problem lies in this. For muscles 
do not lie in the gcrm-plasm as miniature models of the subsequent 
muscular system, and even if they did, wouhl not all the muscles, and 
not merely those which were n longer exercised, dccrease hereditarily 
when a ptrticular group, like the muscles of the ear in man, 
degeneratt,s? Zelmler replies to this with the hypothesis that the 
muscles arc ntt all chemically alike, 1,ut that each possesses a 
particular chemical formula, though they may all 1,e very similar, and 
thtt, therefore, the nutritive materials required 1T each must 1,e 
slightly diflbrent. In that ctse there wouhl require t.,) be, in the ovum 
and sperm of man, in ordt.r that functimtl modifictttions might 1,e 
transmitted, as many special nutritive sul,stances as there are muscles, 
and, in mlditi,n to tlcsc, immmcral,ic hosts of other kinds of specific 
nutritive sulstances fr all the other parts of the body, since all of 
then, can 1,e strengthened by exercise and weakened hy disuse. And 
even if we suppose that all these millions of specific nutritive sul- 
stances are accommodated within the germ-cells, as Zehnder's theory 
requires, they could n,,t perform what Zehnder ascribes to them, for, 
as we have already said, they cmnot multiply in the mamaer of living 
units, and so contrail the growing orgtuism. The different specific 
nutritive nmterials contained in the 1,1ood are just as powerless to 
perform the task ascrihed to them 1.,y Zehnder as the specific kinds of 
food in the hypothetical storehouse of the ants are to give rise to the 
diflbrent persons of the ant-colony. 
Zehnder also attempts to overthrow the arguments against the 
Lamarckian principle which I based on the skeleton of Arthropods. 
It does not seem to him probable tlmt the chitinous coat of mail 
can be an absolutely dead structure, and he supposes that ve3 delicate 
nerve-fil,rils penetrate into all its most minute ptrts, and so a'e 
stimulated 1,y 'evel T pressure aml every strain' exerted on the 
chitinous skeleton. They ' work' when they are stimulated, and in 
doing so they use up ' their specific food-stufi.' At places which are 
frequently stimulated the corresponding nerves develop more than 
elsewhere. The necessary specific food-stufi for these particular 
nerves therefore increase proportionately within the body, and 
also in the reproductive cells. Accordingly, in the germ-cells there 
is an increase of the aforesaid nervous substances, which in the 
oEspring become associated with the relevant part of the chitinous 
covering, and induce in development the secretion of chitin at this 
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strength of memory that the states of these brain-cells should 1,e 
commmficated by the telegraphic path of the nerve-cells to the 
germ-cells, and should there modify only the determinants of the 
braiu-cells, and should do so iu such  way that, in the subsequent 
development of an embryo fm the germ-cell, the corresponding 
brain-cells should turn out to le capable of increased fuuctional 
activity. But as the [CtCl'mimtnts are not miniature brin-cells, but 
only groups ,f ldophors of unknown constitution, and are assuredly 
diflbrent fl'O,, those cells; as they are not 'seed-grains' of the brain- 
cells, but, o,ly livig germ-milts which, iu co-operation with the rest 
exercise a decisive i,fluence , the mem wy-cells of the brain, I Cal, only 
compare the mSUml,ti)n f the transmission of the results of memory- 
excrcise to the telegrallin g of  poem, which is handed in in (erman, 
but at the place of arrival appears on the proper translated into 
Chimse. 
Nevertheless, as I have said Iefore, I do ot disagree with those 
who say, with Oscar Hertwig, that the impossibility of forming 
 eoneeltion ,f the physiological nexus involved in the assumed 
transmission does not ipo fi('to constrain us to conclude that the 
transmission does not occur. I cannot, however, agree with Hertwig 
that the ease is exactly the same as in the ' converse process,' that is, 
'in the development of the given invisible primary constituents in 
the inheritance of the cell into the visil,le characters of the personal 
part.' Certainly no one can state with any definiteness how the germ 
goes to work, so that from if there arises an eye or a brain with its 
millionfold iutl'icacies of nerve-paths, but although the process cannot 
be understood in detail, it can in principle, and this is just what 
is impossil,le in regard to the communication of funefiolml lnodifiea- 
lions to the g,,e'ln." Moreover, in addition to this, there is the very 
importat difference that, i the one ctse, we know with certainty 
hat the process actually takes place, although we cannot understand 
its mechanical seluenee i detail, while in the other we cannot even 
prove that the supposed process is a real one at all. From the 
fact that we are unable to form clear conceptions of  hypothetical 
process, we are not justified, it seems to me, in assuming it to be real, 
even though we are aware of many other 1)r()eesses in nature which 
we are unalde to understa.nd. 
Nor does Hertwig take up flis position, for he is at pains to 
show the lneehanieal possibility of the process of inhel'italme which 
he assumes, and he bases this upon the suggestions made by Hering 
in his famous work Uebev da Ged(icltni al eiie allgemeine 
Yu('tio, de" o'gawiaivten Matevie IOn teo'y as a gene'al 
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.fwctivt. of o'rg,dzed m(dter], 7 o. As this essay 1)rol,ably con- 
rains tim best that can be sMd in favour of a transmission of functional 
modificati,ns, and as it also includes some indisputal,lc truths, we may 
consider it in some detail. 
Hcri,g is und()ul,h.dly right in r,gardiug 
eonsci()uSleSs as fuucti,ns of the mLevial ehau'es of organic sub- 
stance, md conversely.' ThaL is, he believes tlmL every sensaLion, 
ev, T percepLi(m, every act (f will arises from lnaLerial changes 
Lhe rclev;mL nerve-sul,stances. But we know UmL 'whole groups 
of impressions, which our 1,rain has received through the sense- 
organs, are stored up in if. as if resting, and l,elow Lhe margin of 
consciousness, Lo be reproduced whcu occasion arises, in correeL order 
of space and Lime, and wiLh such vivi(hess, thaL we may be deceived 
inLo regarding as a presenL reality whaL has lc)ng ceased Lo le prcsenL.' 
There musL therefore renain in the hi'rye-substance a 'lnaLerial 
impact,' a ln)dificti,)u ot" the md.cular or atomic sfruchre, which 
enal,h.s iL 'Lo ring ouL Lo-day the note fhaL it gave forth yesLerday 
if only iL le l'ighLly struck.' 
Hering aLril,uLes a similar power of memory and reproduction 
Lo the 'erm-sul,sfanee; he ]wlieves f]mL he is justified in makig 
Lhe assumption Lha acquired chal'aeers can bc inherited, although 
he admits Lha iL 'appears Lo him puzzling in tlic hi'hes degree' 
how characters which developed in th mosL diverse ogans of he 
moLher-l,eing can exel'L any influence on he gerln. ThaL he may 
be able to assume this he points to the inLereonnexion 
by means of the nervous sysLem; iL is Ufis LIaL makes it possil,le 
haL 'the fae of one reverleraLes in Lhe otler, aud that, when 
excitelnenL fakes place aL any point, some echo of iL, however dull, 
peneLl'ates o the remotesL parLs.' To the delicate-winged 
lnunieation by means of Lhe uervous system, which uniLes all parts 
among themselves, mus be added the 'eneral communication hy 
means of Lhe eirculafiol of the fluids of the body. According 
Hel'ing's viev, the germ expel'ienees, in some degree, in itself all tha 
lefalls the resL of Lhc organs and i)ars of the org'tmism, and Lhese 
experiences sLamp Lhemselves more or less Ul)On iLs sulsfanee, just as 
sense-impressions or pereelMOUS samp themselves upon the nerve- 
subsLanee o the },rain, and Lhese experiences are reproduced during 
he developmen of Lhe germ,jus as the lwain brings lnemory-1)ieLul'es 
bek Lo consciousness. He says,' If SOlnehing in Lhe mofher-olganism 
has so changed is nature, through long habiL or exercise repealed 
a Lhousand Limes, Lha the germ-cell resLing in i is also peneLra(ed 
by i in hovever weakened a fashion, when tlie laLLer begins a new 
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the personal part to the germinal part retains its force, notwithstanding 
Hering's interesting analogy. 
]f the transmission of functional modifications were an indisputable 
fact, I repeat, we should have to give in, and then we might regard 
the 'memory of ort'anized material' as attbrding a hint of the pos- 
sibility of the unimaginalle lrocess. But as long as the occurrence of 
this trausmission canm)t be proved either directly or indirectly, such 
a vague possibility of explanation need not induce us to assume 
an mproved process. 
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(ERMINAL SELECTI()N 

On what does disappearance after disuse depend, if not on the Lamarckian principle? 
--Pannfixia--Rom:nds--Fluctuati,ns in tim derminant-system ef the gcrm-plasm 
due to unequal uutriti,,nPersistcnce f germinal variations in a definite direction 
The disappearance of non-functioning parts--Prep,,nderance ef minus germinal varia- 
tionsLaw of the retrogression of useless parts--Variation in an upward direction 
Artificial selection--Influence ,f the multiplicity of ids and of sexual repr,,duction 
Personal h.cti,,n depends on the relnoV:d of certain id-variantRange of influence 
of germinal selecti,)nSt.lf-regulati,m of the germ-l,l:tsm , which is striving t-wards 
stabilityAscending variati.n-tendent'i,.s may persist to excesOl'igin of secondary 
8exual charactcrSignificance -f lmrely morldt,,h)gical 'haractersThe lnarkings 
Iutrflies. 
Now that wc have recognized that tlm assumption of a trans- 
mission of functional modifications is not justifial,le, let us discuss 
some of the many phenomena to explain which many people believe 
the Lamarckiau principle to lc in,lisl)ensalde, and let us inquire 
whether we are in a position to give any other explanation of Omse. 
How has it COllie al,out that tim cflbcts of use and disuse appear to be 
inherited  Can we find  sucient explanation in the principle of 
selection, and in the natural selection of l)arwin and Wallace ? 
The answer to these two questions will le most quickly foun,l 
if we ]egin ]y seeking for an explanation of the disappearance of 
a part when it ceases to be exelised. 
That this cannot lie in the Lamarckiau lwinciple we have already 
learnt from the fact that passively functioning parts, such 
superfluous wing-veins, also disappear, and that the loss of the wings 
and degeneration of the ovaries has taken place in worker ants, which 
can transmit nothing because they do not reproduce. 
We might be incliued to regard this gradual disappearance and 
ultimate elimination of a disused organ as a direct gain, on the 
ground that the economy of material and space thus effected may be 
of decided advautag'e to the individual animal and therely also for the 
maintenance of the species, and that those animals would have an 
advnntage in the struggle for existence in which the superfluous 
organ was reduced to the smallest expression. But that would be 
far from supplying us with a sucicnt explanation of the phenome- 
non; the ill,lividual variations in the size of an organ which i 
II. I 
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thus only chance variations which were inherited through panmixia 
and gradually diflhsed over the whole species, how could it come 
about that all the variations were in the direction of smaller size 
Yet this is olviously the case. Why should no variations in the 
direction of larger size occur And if this were so, why shoul, l 
a useless organ not be maintained at its original size, if it be admitted 
that an iucrease in size would 1,e prevented 1,y natural selection t 
But this never occurs, and dimilmtion in size is so absolutely the 
rule that the i,let of a 'vestigial or rudimentary' organ suggests 
a "smdl org'un' almost more than an 'imperfect' one. 
There must then l,e something else at work which causes the 
minus-variations in a disused organ to prepou, lerate persisteutly 
permanently over the plus-variations, and this somefling can lie 
uowhere else tlmu where the roots of all heldital T variations are to 
be foundin the germ-plasm. This train of thought leads us to the 
discovei W of  process which we nmst call selection letween the 
elements of the germ-plasm, or, as I lmve named it shortly, 
,b', ledio,. 
li the substance of the germ-plasm isas we assumedcomposed 
of heterogeneous living particles, which have dissimilar rSles in the 
building up of the organism, there must of necessity 1,e among them 
a definite labile state of equilibrium, which cannot be disturled 
without modifyiug in some w W the structure of the organism itself 
which arises from the germ-plusm. But if our fresher view be 
correct, that these individual and different living units of the germ- 
plasm are 'determinants,' that is, are the primary constituents of 
particular parts of tim organism, in the sense that these parts could 
not arise if their determimmts were alsent from the germ-plasm, and 
that they would le diflhrent if the determinants were diflbrently 
composed, we can dntw far-reaching deductious. 
It is true that we camiot learn ,,?ttli,tg dire.tly in regard t, 
the intimate structure of the germ-plasm, and ee in regard to the 
vital processes going on within it we can only guess t very little, 
lut so much we may shy--that its living parts are nourished, and 
that they nmltiply. But it follows from this that nourishment in 
a dissolved shte must penetrate between its vital particles, and that 
whether the determinants grow, and at what rate they do so, depends 
mainly on the amotmt of nourishment which reaches them. As long 
as the germ-cells multiply by division the determinauts have no other 
function 1,ut to grow; a part of their sul,stance uudergoes oxidation 
and therely yields the supply of energy necessary to assimilation, 
that is, to the formatiou of uew living sul,stance. 
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germinal fluctuations (ff lmtriti,n, this is transmitted to the 
dcscendmts just as well as the .n'lnally dvelol)ed organ, and in 
the course of generabions will 1,e inherited hy a gl'eaber and greater 
number of indivMuals, and mus ultimately be inherited l,y all in 
some degree or other. The o]4ieefion has 1,een urged [1"o111 many 
sides thaf variations upwards would l,e luite as likely fo arise as 
those downwards, 1,u this is an error. Even if. af the ]eginning, 
the mims-val'iations wel'e l'al'er than the plus-wu'iafims, in the 
course of genentfions the minus ones would preponderate l,eeause 
aseending variatims ff disust.I n'gans are nof indiflbrent fn" the 
organism lmf injurious t it. Perhaps an increase in the size of the 
organ itself wouhl do no ]ml'ln, I,ut in thaf f its determinant 
it certainly wmld, 1,eeause a ascending determinant requires mre 
nourishment than prcvimsly, m.l withdraws it from its summndings, 
and tlms from the determinants in its imlnediafe neighl.arhood; 
1,ut these are tl.se of fmefimingm.I indispensalde parts. Individuals 
in wl.se germ-plasn the leterminants f disused wgans ascend, and 
therel,y depress the determinants of organs which are still active, 
are sut{ieef to persmal selection, and are eliminated. There thus 
remain only those with descending determinants; in other words, 
the chance of variants in the direction of weakness in useless deter- 
minants far oufweighs thaf f variants in the direction of increased 
strength; the latter will s,Ol cease fo oeeur at all, fro" as soon 
as a deterlninant has fallen a little below its normal level, it finds 
itself upon an inclined plane, ahmg which if glides very slowly 
1,uf sfeadily downwards. This nlighf ]e disputed if it could be 
maintained that, at every sfage of the deseent, a change of direction was 
possil,le. Buf this lwol,alfly Lakes plaee rarely and only in the ease 
of individual ids, and will therefore not 1,e permanenf because 
in general fhe strmger neighbour determimmts will l.Ssess them- 
selves of the superfluous nourishment, and a lasting ascent will thus 
1,e ilnpossible to the weakened determinant. This is precisely what 
I have called Germinal Selection. The defermilmnt, whose assilnilat- 
ing l)ower is weakened by ever so little is eonfilmally being robbed 
/,y its neighbours of a parr of the nourishment which flows towards 
i, and mus eonsequenfly beeome further weakened. As 11o lllOl'e 
help will be given to if hy natural selection, sinee the organ is no 
longer of any value to the speeies, the 1,efter among the weakened 
deterlnilmuts of V are never selected ouf, and they musf gradually give 
way in the struggle with the neig'hbouring determinants which are 
necessary to the species, 1,eeoming gradually weaker and ultimately 
disappearing. 
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of a higher order, for personal selection. It might seem perplexing 
that processes of such in,portanee should depend ultimately upon 
chance; but vhen we remember .tha there are only two directions of 
variation, namely a plus direction or a minus direction, we recognize 
ha he chance of a majority in one direction or another is nmeh 
g]'eer thmt thab of absolute equilil,rimn 1)eween he wo, and there 
is herefore t vc W strong" prol.al.iliy ha in ninny individuals of he 
species either the upward or the downward movemen of a deh, rminant 
A will prepondentc. 
Now as such vm'ittion movements, when they are of a certain 
strength, increase aumatieally, we can easily see that they must 
gradually attain to a level at which they aeluire seleetiou value, and 
hov then, 1,y pcrsonM sclcetlon, the ids vith ftvoural,ly varying 
determinants nmy be eolh.eted together. 
Of course it is not possil,le to state positively the time at which 
in individual etscs a variation acquires  l>iologieal siguifieanee, that 
is, selection value. We era, only sa.y iu a general way flint, as soon as it 
attains this, personM selection either iu a positive or a negative sense 
+tust intervene ; an injurious variation tends to the elimination of its 
possessor, a useful one increases the probal-,ility of its survival. 
There umst, however, 1,e for every variation a stage of develop- 
ment in which it has as yet no decisive biological importance, and this 
stage need not ly any means be so insignificant that we cannot see it. 
or can hardly do so: in other words, there are characters which have 
arisen through germinal selection, which are of purely ' morphological 
impotence.' 
It has ofteu leen disputed whether there can be any such thing 
as 'purely morplmlogieal characters,' which are indifibrent as far as 
the existence of the species is concerned. This question used to be an 
important one, because the sphere of operation, and therefore the 
importance of the Din'win-Wallace seleetionpcrsonal seleetion 
depends on the answer, since this mode of selection only begins when 
a character has some biological importance. But as soon as we take 
germinal selection into consideration the question loses its importance, 
bemuse we now knov that every variation is indiflbreut to begin with, 
but every onnder Nvom'ahle eireumsnees, be increased to such 
a pitch that it attaius biological importance, and that personal selection 
then ttkes over the task of carrying it on, either in a positive or 
a negative sense. We mD therefore leave this disputed point alone 
just now, for while germinal selection seems still far from being 
generally recognized, we have to remember that we are not at all in 
a position to judge with any certainty as to the 1)iolog'iaal value 
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of a clmracter. What labour a.d painstaking iuvestigation it has 
cost to give  verdict as to this even in a few iustances! Inuumerable 
characters tppear indifferent, and are ueverheless adapttions. Darwin 
in his dy pointed out the ueed for caution in this mtter, referring to 
the case of animal coloration as an eXaml)le ; very little attention ha, l 
been directed to it for a long time becmsc it lind l,een lelieved to be 
without siguitleauce. And how mauy diverse kinds of characters 
among animals aml plants, which had likewise 1,eeu regu'ded as 
'purely morphoh.gical,' have on more careful investigation shown 
then,selves of very great 1.iological importance. I ueed only refer to 
the shape, position, lmir-arrmgemcnt, colour, and lustre of flowers, 
and their reltiou t cross-fertilizatlon 1.y ,-ca.s of insects, or to the 
thickness and shape of the lc;tves of tropical trees with their coati.g 
of wx aud their gutter-like outlets f,)r carrying off the tropical raiu 
which falls i. tcrril,le dowupour (Hd.erla.lL, Schimper), or to the 
limp, perpendicular droopi,g of the tut'ts of the young and feuder 

Fro. IO 7. C. Leptocephalus stage of an American Eel, vith seven pigment 
spots, of vhich three are on the left (1) and four on the right (r) side. After 
Eigenmann. 

leaves of the same trees, which also secures protection from being 
battered and torn by the raiu. 
There are even charcters the liological use of which is unknown 
to us, lint iu regard to which we cau affirm that they have a use. 
Thus Eigcnmann described the larva of an American eel, which diflhrs 
from other so-called ' Leptoccphali ' i, that a row of seveu black spots 
runs along its side. ApparentlyM1 these lie upou the side turued towards 
us, but in reality they are distril,uted on loth sides, three lying on the 
left and four on the right, and so arrauged tlmt they look like a single 
row of spots at regular intervals, for the fltt little fish is absolutely 
transparent The habits of Otis larva are uot yet knowu, but we may 
conclude that this appearance of t" simple row of spots nmst have some 
value for the auimal, for such a siguificant asymmetry could not have 
ariseu for purely internal reasons (Fig. o7, C). It is possible that the 
fish is thus made to reseml,le parts of some mariue Mga, and that it is 
thereby protected from many enemies; that there is uot  complete 
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because of their femaleuess, shouhl wry in a different manner from 
the males. 
But while I believe that sexual sclecti,m in particular has had 
much to do with producing the colours of Lelid*ptera, the basis of 
all these colour variations must sill 1,c looked for in germinal 
sdeetion, and we shall see later on bow it is possille to think of 
the divemified and often relatively al,rupt transformations of marking 
as the resultant of the co-operation f climatic influences with germinM 
selection. 
Of eonrse Lhcre musL also le unimportang changes in 1,utterly- 
markings which depend solely on the internal pla of forees in t.he 
determinant system, and to this must be referred the markings of 
ntany of the ' variable' speeies whose variations are mere flueLuations 
in the details of marking, which ha e thcl'efcl'e caused much trouble 
t,, the systcmatists. Truly mfinportmtL variations will rarely or 
never eomline into a 'eoistanL' 5rm, and the fact that there 
are species which are ' varial,le' in such a hig'h degree is enough 
to make us refer their variations to their lack of importance, for 
if they possessed any 1,iohNieal value the less vahmble among them 
would gradually be removed 1,y selection. Perhaps the varial,le 
species of eertain lnoths like An.lia c((ia, and especially Arctict 
l,h,agids, the little 'bear' of the Mps and Apennines, nmsL 
be reekoned alllOlig these. But from the fact that there are such 
flueLuatlons in the markings of Lepidoptera, iL seems o me thaL 
we lnUSt conclude thaL species which show a high degree of eon- 
staney in their markings have lecn influeneed by selection, or 
by elilnatie influenees which turned the play of forces within the 
deMnninant system in the same dil'eeLion in all individuals. All 
these considerations and conclusions are quite souud and servieetble 
theoretically, but they are dieul to apply to individual eases, and 
where this is atmpted it must 1,e with the greates caution, and, 
if possible, on a basis of investigations specially undertaken for Lhe 
purpose; for how should we know whether a species which to-day 
is highly varial,le may nt a geological epoch later 1,eeome a very 
nstant one  We must in any ease assume that marked fluctuations 
of eharacters av associated with many Lransformations. 
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GElMINAL SELECTION (co-tiued) 

Germinal selection, spontaneous and induced--Climatic forms of Polyommatus phhcas 
--Deformities---Excessive augmentation of variations--Can it h, ad to the elimination 
of a species?--Saltatory variations, copper-beech, weeping trees--Origin of sexual 
distinguishing characters--l%rlnation of breeds among domesticated animals-- 
Degenerate javs--Human teeth--Short-sightedness--lIilk-glands--Small hands and 
feet--Ascending variation--Talents, intellect--Combination of mental endowments--- 
The nltimate roots of herital,le variation--There are only plus- and minus-variations-- 
Relations of the determinmts to their determinates---The play of forces in the 
d.terminant system of the id--Germinal selection inhibited by personal selection 
Objection on the score of the minuteness of the substance of the germ-plasm. 
HITHERTO we have derived the variations of the determinants 
of the germ-plasm, upon which we based the process of germinal 
selection, from cl, ace local fluctuations in nutrition, such as must 
occur in an individual id, independently of the mtrition of the other 
ids of the same germ-plasm. But there are doubtless also influences 
which set up similar nutritive changes in all ids, and by which, 
therefore, all homologou. determinant., in as far as they are sensitive 
to the nutritive change in question, are affected in the same manner. 
To this category lelong changes in the external conditions of life, 
and particularly climatic changes. It is, then, germinal selection 
alone which brings about the presence of a majority of ids with 
determinants varying in the same direction, and personal selection 
has no part in the transformation of the species. Many years ago 
I instituted experiments with a small buttey,-Pararga egeria, 
and these showed that a heightened temperature so influenced the 
pupae of this form that the butterflies emerged with a different 
and deeper yellow ground-colour, similar to that of the long-known 
southern variety Meio,e. More thoroughly decisive, however, were 
the experiments on Polyommatus phlcas, the small 'fire-butterfly,' 
which were carried on in the eighties by Merrificld in England and 
by myself almost at the same time. I shall discuss these later iu 
more detail, and will only say here that this butterfly, whose range 
extends from Lapland to Sicily, occurs in two forms, the southern 
distinguished by  'dusting' of deep black from the northern, iu 
which the wing-surfaces are of a pure red-gold. The experiments 
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showed theft the southern form can le artitcially pro, luced l,y 
warmth, and the interpretation must be tlmt the direct influence 
of higher temperature afl[.cts the quality of the nutritive fluids in 
the germ-plasm, and therely at the same time the determinants of 
one or more kinds o[ wing-scales are caused to va T in all the ids 
iu the same direction, in such a fashion that t.hcy give rise to 
I.,lk scales instead of the former red-gold ones. It is thus certain 
that there are external influences which cause parf.icular determinants 
to vary in a particular manner. I call this form of germinal variation 
'induced' germinal selection, and contrast it with 'spontaneous' 
selection, which is caused, not 1,y extra-germinal influences, 1,ut by 
the chances of the intra-germinal nutritive condit.ins, and which 
will, therefore, not readily occur at the same t.ime in all th ids of 
a germ-plash,, and so will not give rise t variation of the same 
kind in the homologous determinants of all the ids. 
The two processes must also 1,c distinguished from each other 
in their relation to personal selection, for induced germinal selection 
will go on increasing until the maximum of variation corresponding 
to the nature of the external influences and of the determinants 
concerned is reached. Since all the ids are equally aflbcted and 
caused to va T in the same way, personal selection has nothing to 
take hold of, and the variation might go on intensifying even if it 
should lecome 1,iologically prejudicial. But it is quite otherwise 
with spontaneons germinal selection, which has its roots not in all, 
1.ut only in a majority of the ids. Here the variation may go on 
increasing 1,y germinal selection alone, 1,ut only until it acquires 
a positive or negative l,iological value, tl,at is, until it becomes 
advantageous or prejudicial to the life of the individual; then 
personal selection intervenes and decides whether it is to go on 
increasing or not. Spontaneous germinal selection can therefore 
only lead to the general variation of a whole species when it is 
supplemented by some external factor such as, especially, the utility 
of the variation. 
This does not imply, however, that indiflbrent variations of large 
amount could not arise through spontaneous germinal selection, but 
they would remain confined to a small numl,cr of individuals, and 
would sooner or later disappear again. The congenital deformities 
of Man may in part fall under this categoT. If, for instance, 
certain determinants are, by reason of specially favourable local 
nutritive conditions, maintained for a long time in pro'essive varia- 
tion, they will become so strong that the part which they determine 
will turn out excessive, perhaps double. Hereditary polydactylism 
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in Man may perhaps l,e explained on this principle, and I bad already 
referred it to the more rapid grmvt.h and duplication of certain 
determinants of the germ even before formulating the idea of 
germinal selection. In this I was at one with the pathologist 
Ernst Ziegler, who had designated polydactylism as a germ-variation, 
and in contrast to others had not interpreted it in ma atavistic 
sense, as a reversion to unknwa six-fingered ancestors. All excessive 
or defective hereditary malformations may he referred to germinal 
selecti.n alone, that is, to the lmg-contimwd progressive or 
regressive variation o" p,rticular determinant-groups in a majority 
of ids. 
The fact that, as far as our experience goes, superfluous fingers 
are never inherited for more than five generations may be simply 
explained, for there ]ms }men no reason for tim intervention of 
personal selection, either in the negative sense, for tim six-fingered 
state does not threaten life, nor in the positive, since iL is not of 
advantage. The deformity depends on spontaneous gerlninal varia- 
tion, which must have taken place in a majority of ids or it would 
noL have 1,eeome manifest. BuL sud a majority of 'polydaetylous' 
ids is lial,le to 1,eeome scattered again in every nexv descendant, 
and to 1,e reduced again into a minority which can no longer make 
itself felt ly the chances of reducing divisiot and the admixtm'e 
of normal ids in amphimixis. A polydaetylous race of men could 
only arise through the assistance of personal selection; in that ease 
there would doul,tless 1,e just as much chance of success in lreeding 
a six-fingered race as there was in breeding the crooked-legged 
Aneon sheep from a single rant which was malformed in this 
maturer. WithouL a gradual setting aside of the germs with normal 
ids, that is, without personal selection, such spontaneous deformities, 
and indeed all .potaueotts variations, must fail of attaining t,) 
permanenL mastm T. 
This must frequently be the ease in free nature a.lso, lint we 
shall have to investigate later on, in the section devoted to the 
formation of species, xvhether external circumstances (inlreeding) 
may not also occur which make i{ possil,le for spontaneous variations 
Lo become constant lreed-eharaeters, even although they remain 
neither good nor 1,ad, and are thus not sulOeet to the action of 
personal selection. 
In general, however, amphigony wiLh its reduction of the ids 
and its eonstanL mingling of sLrange ids will form {he eorreetive 
to tim deviations which may arise through the processes of seleetion 
within tim id, a.nd which lead to excessive or superfluous development 
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of certin structures, to a complet disturbance of the harmony of 
the ptrts, and ultimtely to the elimination of the species. 
It must 1,e admitted, however, that Emery was prol)ahly right 
when he directed tcniim to the possil,ility of a 'co,flict letwecn 
germinal and personal selection.' It is quite couceival)le that in 
cses of useful variations, tlmt is, of adaptation,s, the processes of 
selection within the germ-plasm may lead to excessive developments, 
which personal sclcctiou camot c(mtrol, 1.ccausc, on account of their 
earlier usefulness, they have in the course of a series of geuertions 
and species lccome xed not only in a majority of ids, but in almost 
all the ids of hc collective gcrm-plasm of the species. In this cse 
a reversal must l,c dicult aud sh)w, for the gathering ogether of 
ids with relatively weaker deferral,routs can ouly take place slowly, 
and it is luestiomddc whctlwr the species would survive hmg enough 
for the slow process to take eflbct. Iht, apart from the question 
of time, such a reduction, of an excessive d.vclol)mcnt would some- 
times be quite impossillc, for hc simph, rcasou that there is nothing 
for personal selection to take hold of. 
DSdcrlcin has poiutcd out that many characters go on increasing 
through whole series f extinct species, and ultimately grow to such 
excess tha they 1,ri,g al,out the destruction of the species, as, for 
instauce, the antlers of the giat stag or the salute-like teeth of 
certain carnivores in he diluvial period. ] shall have to discuss this 
in more detail in speaking of the extinction of species; it is enough 
to sy here that such long-coimwd o " 
augmentations in the same 
direction can never 1,e referred olely to germinal selectiou, since it is 
hardly conceivable ]mt a species--much less a wh()le series of species 
should arise with injurious characters; they would have become 
extinct while they xvere still in process of arising. Although we see 
that he Irish sag, with his enormous antlers over ten feet across from 
tip to tip, was hetvily lurdcncd, we are hardly justified in concluding 
that the size and weight of the lm'dcn on his head tended to his 
destruction from he first--5)r iu that case the species would never 
have developed at all--lint it may well be that at some time or other 
the life-conditions of the species altered in such a maturer that the 
heavy antlers lecamc ftal to it. In this case the variation-direction 
xvhich had gained the mastery in all ids could no longer be sufficiently 
held in check by personal selection, because he varitions in the 
contra T direction would be much too slight to attain to selective 
value. Sudden, or at least rapidly occurring changes in he couditions 
of life, such as the appearance of a powerful enemy, exclude all chance 
of adaptation by the slow operation of personal selection. 
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germ-plasm, which g'ave rise to variations in certain determiuants. 
There was still lacking the recognition that the direction of variation 
once taken nmst le adhered to until resistance was met with, and 
that the deterninants stand in nutritive correlation with one another, 
so that chanKes in one determinant must re-act upou the nelghlouring 
ones, as I shall explain lnorc fully afterwards. I also showed from 
definite cases that such sport.s, though they are sudden--' saltatol'V' 
in their lnode of occurrence, are long leing prepared for I,y intimate 
processes in the germ-plasm. This 'invisildc prelude' of variat.ion 
depends on germinal selection. When a wihl plant is sown in garden- 
'ound i does no require to vary a once; several, even many, 
generations lnay succeed each other which show no sports ; suddenly, 
however, sports appear, at first singly, then. lerhaps, in eonsideral,le 
numl,ers. I is not, however, 1,y any means always the ease tha 
eonsideral,le numbers occur, fro. some varieties of our garden flowers 
have ariseu only once, and Lhen have 1,een propagated 1,y seed ; and 
such saltatory sports in plants which are raised from seed are usually 
constant in their seed, and if they are fertilized with their own pollen 
they 1,reed truea proof tha the same variations nmst have taken 
place in the relevant determinauts in a laNe majority of ids. 
In animals, i would appear, such saltatory variations occur 
much more rarely than iu plants; the ease examined in detail 
Darwin of the'ldaek-shouldered peacock' which suddenly appeared 
in a poultw-yard is an exanple of this kind. Much more nmnerous, 
however, are the instances among" plants, and especially mnong plants 
which are under cultivation. This indicates that we have here to do 
with the eflbe of external conditions, of mtritive influences which 
cause the slov variation of certain determinants, sometimes abettiug 
and sometimes checking. As soon as a majority of ids varied in this 
way comes to lie in a seed, a spor springs up suddenly and apparently 
diseontinuouslya plan with diflbrently eoloured or shaped petals 
or leaves, with double flowers, with degenerate stamens, or with some 
oher distinguishing mark, and these new elmraeters persist if the 
variety is propagated withou inter-crossing. 
Bu it happens sometimes, though more rarely, tha no the whole 
plan but individual shoots may exhili the variation. To this class 
belong the 'bud-variations' of our forest, trees, the copper-beeches, 
copper-oaks, and copper-hazels, the various faseiated varieties of 
oak, beech, nmple, aud hireh, and the 'weeping trees'; also the 
nmnerous varieties of potato, plantain, and sugar-cane. It seems tha 
only a fev of these breed true when reproduced from seed, or in 
words, hey usually exhildt reversions to the ancestral form: ou he 
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other hand, in the weeping oak for instance, nearly all tim seedlings 
exhibit the character of the new variety, though ' in yawing degrees.' 
The records as to t.he transmissibility of bud-variations through seed 
are probaldy not all to le relied upon, and new investigtions are 
much to le desired, 1,ut t.he fact that in many eases they may be 
propagated not only 1,y means )f layers and cuttings 1,ut by seed 
also, is most important in our present discussion, for it proves tha 
here too the vm'ied determimmts must 1)e contained in a majority of 
ids. As it is only a single shoot that exhibits the saltatory variation, 
only the germ-1)lasm which was contained in the cells of this one 
shoot can have varied, and it must have done so in so many ids that 
the variation prevailed and found expression. But that, in this ease 
also, the wu'iation does not appear in all, lint only in  small majority 
of ids, is proved 1,y the frequent reversion of bud-varieties to the 
ancestral form. I bare already reported a ease of this kind shown 
to me hy Professor Strashurger in the Botanic Gardens in Bomb, 
where a bornl,eam with deeply indented ' oak-leaves' had one branch 
which bore quite nnmal h()rnl,eam leaves. In my oxw garden there 
is an oak shrul) of the ' fern-leaved' variety, whose branches lear 
some leaves of the ordinm 3" form; variegated mples with almost 
white leaves often exbil)it in individual branches a reversion to the 
fresh green leaves of the ancestral form. We see from this tha xvhat 
is so energetically disputed by many mus in reality oeeur--nmnely, 
differential or non-equivalent nuclear divisionfor otherwise i would 
be unintelligible how the ids of the new variety, if they once attain 
a majority in the tree, could give place in an individual branch to 
a majority of the ancestral ids. Only differential nuclear division, 
in the rammer of a reducing division, can be the cause of this. Of 
course this implies only a dissimilar or differential distribution of the 
ids between the t.wo daughter-nuclei, no a splitting up of the indivi- 
dual ids into non-equivalents. 
Tha in free Nature bud-vm'iations lef o hemselves can ever 
become permanen varieties is probM.ly an unlikely assumption, 
bemuse of he inconstancy of their seeds which only breed true in 
rare eases; nor is i likely that such variations as the eopper-beeda, 
the weeping ash, and so on could hold their own in he struggle for 
existence with the older species; bu there is eegainly nothing 
to preven our assuming that, in certain circumstances, saltato W 
variations, when they have a germinM origin, may become persistent 
varieties and may even lead o a spliting of the species. This may 
happen, for instance, xvhen he variations remain outside the limits 
of good and bad, and thus are neither of advantage to the existence 
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of the species nor a draxvl,ack thereto. Iu the next chapter we shall 
discuss the influence of isolttion upon the formation of species, and 
i will l,e seell ha in certain COlMiLios even indiflren variaLions 
may be preserved, and tha salL(,ry variaLims, as for instance in he 
evolufion of species of lal,d-slmils or lutterflics, may have materially 
contributed to 1Mug this al.out. 
I should like Lo emphasize sLill more t, he 1)ar played 1.y salao T 
variations arising from germinal scleeLion in Lhe origin of secondary 
sexual ehm'aeers. As soon as personM selection, wheLhcr sexual 
or ordinary, prefers as useful in any sense a salLaory variaLion, i is 
no only preserved and 1,eeomes  eharaeLer of a variety, but i may 
increase, and we have o ask whether such suddcu vm'iaions are 
frequently of a useful kind, espeeiMly wlcu no indix idual ehm'aeers 
alone, bu whole eomldmt.ions of them are iml.lieated. If we may 
judge from the sporLs of the flowers md tle leaves of plants, h'ans- 
fOrlnaions useful to hc spccies as a whole rarely occur suddenly, that 
is, they occur only iu a few ou of very numerous sports; they are 
much more fre(lucnly indifferent, Mthough quite visille and ofeu 
conspicuous variations. 
For this reason I am disposed to aLril,ue to saltatory variations 
a eonsidenfldc share in the produeLion of distineLivc sexual ehm'aeters. 
From salLaory variatios in flowers, fruits, and leaves we know 
hese. may be conspicuous enough even on their first appearance, and 
so we are justified in finding in such variaLions the firsL beginnings 
of many of Lhe deeoraLive disLinguishing eharaeLers which occur in the 
males of so many animals, especially butterflies and hirds. As soon 
as it is admitted that variations of eonsideral,le amount, which have 
been slowly prepared in the gcrm-plasm ly means of germinal selec- 
tion, can suddenly attain to expression, one of the ol:eetions against 
sexual selection is disposed of, for conspicuous Val'iaLions are necessary 
for the operation of this kind of selceLion, since the changes in quest.ion 
mus araeb he aLbenion of the females if they are to 1.e preferred. 
WiLhou such preference, even Lhough i l,e no quiLe srie and con- 
sistent, a long-eonLinued augmentation of the decorative ehm'acers 
is inconceivable. 
But as intra-genninal disLm'banees of Lhe position of equilibrium 
in the determinant system is at he root of Lhe salatory variations 
our cultivated planLs, it mus also have played a lmNe share in he 
evolution of breeds among our domesticated animals, which is there- 
fore by no means wholly due to arLifieial selection operating upon the 
variation of individual characters. In all breeds in the formation 
which he production of more fhau  single definite character was 
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concerned, as, for instance, in the broad-uosed 1)reeds of dog--bull-dog 
and pug-dog--we may refer the peculiar variation of many parts to 
disturlances of the equilil,rium of the determinant system, which 
1,riug to light, not suddenly as in the case of saltatory variations, but 
gradually and increasingly, the curious complex of characters. 
Darwin referred such transformations of the whole animal facies, 
where r single va.rying character is deliberately selected, o correla- 
tion, and by this he understood the mutual influence of tim pars of 
an animal upon one a.nother. Such correlatiou certainly exists, as we 
have already seen in discussing histonal selection, but here we have 
rather to do with the correlation of the parts of the gcrm-plasm, with 
the cflbcts of germimd selection, which, affected 1,y the artificial 
selection )f particular characters, gradmlly lriugs alout a more 
marked disturbance in the whole determinant system. 
In the evolution of our breeds of domesticated animals, germinal 
selection in the negative sense must also have played a partI mean 
through the weakening and dt.generation of individual determinants. 
Only in this way, it seems to me, can we explain the tameness of our 
dmestic animals, dogs, cats, horses, &c., in which all the instincts 
of wildness, fleeing from Man, the inclination to bite, and to attack, 
have at least partly disappeared. It is, of course, very difficult to 
estimate how much of this is to be ascribed to acquired habitude 
during the individual lifetime. The case of the elephant might be 
cited in evidence of tameness which arises in the individual lifetime, 
for all tame elephants are caught wild, but it seems that captured 
young beasts of prey, such as the fox, wolf, and wild cat, not to speak 
of lions and tigers, never attain to the degree of tameess exhibited 
by mmy of our domesticated dogs and cats. The very cousiderable 
diflhreuces in the degree of tameness of dogs and cats go to show that 
the case is one of instincts varying in different degree. 
If tiffs 1,e so, then the instinct of wildness, if I may express 
myself so for the sake of lrevity, has degenerated in consequence of 
its superfluity, and through the process of germinal selection, which 
allowed the d,4erminants of the brain-pas concerned to set out on 
a path of downward variation upon which they met with no 
resistance ou the part of personal selection. 
Herl,ert Spencer adduced against my position the case of the 
reduction in the size of the jaws in many breeds of dog, especially in 
pugs and other lap-dogs, which he regarded as evidence of the 
inheritance of acquired characters. But this and analogous cases of 
the degeneration of an organ during a long period in which the 
animal had been wifldrawn from the conditious of natural life is 
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ceaseless fluctuatims wRhin the g-crm-plasm--gm'minal selcetion-- 
aflbrds a 1,etter exl)lana.im than ]e other theory was eet" 
a posifim fo oflbr. At that f.ime I pointed out ha he survival of 
the individual among" civilized races had no$ for a very long lime 
depended on he pcrfeefion of his eyesight, as i does for instance in 
t, hc case of t hunting or warlike Indian, or of a leas of lwey, or of 
a lwrl)ivore persecuted 1,y the 1)eas o prey. And tiffs is 1)y no means 
due st)lt'ly to the inventi(m ,)t" spectacles, 1)ut in a much greater deffree 
to the fact that evm'y )nan no 1,3nffer has o do txtythmg, so that 
mu,tt.t'ous l)()ssil)ili$ies of gaining a livelihood remain Ol)en t() the less 
sharp-sighted; ti)at is, the (livisi,)n ()f lal,)m" in human society has 
made the sm'vival t)f the sh()rt-sigltte, l quite feasii)le. As s,)()n as this 
divisi,m ()f ]al,om" reached such a degree fha the founding of a family" 
()flbred m) greaev dicuity tt) the sh(wt-sighted individual than 
one with nt)r),m.l sight, .hort-siffhted))ess e()ul,l nt) longer ])e eli)ninate(1 ; 
and partly 1)eeause ()f the mingling with normal sight, 1,nt l)artly 
also because of the never-failing mimts-flnetuatitms of the g'evm-plasm 
(leevminants concerned, a aviation in a (lownwavd direction was 
lund to set in, an,l will continue tmtil a limit is set to it l,y personal 
selection. Meantime, we ave ol)viously still in the mids of the process 
of eye-dt.teviovation: and the resistance to it is somewhat inhil,ited 
in its operation, l,eeause although individuals with extremely 1)ad 
sight are for the most paw hindered from gaining an independent 
livelihood and having a family, this is certainly, thanks $o our 
mishtken hunmniy, no ahvays the ease. There ave even instances of 
mavviage 1)etween two 1)lind persons  
As yet, howevm; the deteriot'aion of eyes has not adwmeed very 
fay: not nearly all families are aflbeted l)y iL and even in Germany, 
the land of the 'l()nges school f(wm' and of the greatest munl,er of 
spectacle-weavers, short-sight is still usually ae(luired I,y individuals, 
although Shere must frequently l)e a more or less ma.rked pt'edis- 
position to it. It is t common ol4jeetion to this view that in England, 
France, and Italy the percentage of shor-sighted individuals is much 
lower, and, in poin of fact, one sees far fewer people wearing 
spectacles in those countries. This, however, does not prove that 
a similar deterioration of eyes has not 1,egun there also, for how could 
the small inherited begimfings 1)e detected if they were not accentuated 
1)y the sl)oiling of the eyesight in the lifetime of the individual 
much reading of 1,ad print, and 1)y writing with 1)ent head, as 
st.ill too often the ease in many Gm'man schools. 
Tha our interpretation, through pamuixia on a 1)asis 
g,,rminal eleetion, is the con'eet one, we infer also from the fact that 
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visil,le increase so that the cell looks red. If there had previously 
I,cen no red granules present, they might have arisen thrc)ugh 
1,reaking up of certaiu other particles--of protoplasm, for instance, in 
the course of metal)olism, so that, among other substauces, red 
granules of uric acid or some other red stuff" were produced. 
this case also the qualitative change would dcpeml on an increase 
or decrease of certain simpler molecules and atoms constituting the 
protoplasm-molecule. Thus, in ultimate instance, all wu'iations depend 
upon quantitative changes of the constituents ot" which the varying 
part is composed. 
It might le o]cctcd to this argument that chemistry has made 
us acquainted with isomeric coml,inations whose qualitative differences 
,lo not depcld upon a ,librcnt ,tmle" of the molecules composing 
them, ],ut upon their ,liflbrcnt arrangement; it might he supposed 
that somethiug sin,ibu" would occur also in morphological relations. 
And, in point of fact, this seems to be the case. We may, for instmce, 
imagiue one hundred hairs as 1,cing at one time equally distribute,1 
on the ],ack of a l,cctlc, and at another standing close together and 
forming a kind ,f lirush, l,ut although this 1,rush would 1,c a new 
character of the 1,eetlc, yet its ,levelopn,ent wouhl depend 
qum,titative ,liflbrences, namely, ou the fact that the same skin-area, 
which in the first case 1,ore 1)erhaps only one hair, had in the second 
case a hundred. The quanfif.y of hair cells has notal,ly increased 
upon this small area. ]l the same way the characteristic striping of 
the zebra ,lepends not on a qualitative change in the skin as a whole, 
1,ut upon an increased deposit of 1,lack pigment in particular cells of 
the skiu, therefore on a quantitative change. In relation to the 
whole animal it is a qualitative variation, as contrasted, for instance, 
with the horse, 1,ub in respect of the constitueut parts which give 
rise to the qualitative variation it is purely quantitative. The 
character of the whole edifice is changed when the proportion of 
the stones of which it consists are altered. 
Thus the determinants of t, he gerln may not ouly 1,ecome larger 
or smaller as a whole, but some kinds of the l_,iophors of which they 
are made up lnay increase more than others, under definite altered 
conditions, and in that case the determiuants themseh-es will vary 
qualitatively, so that, from the changing numerical proportions of 
the die, rent kinds of biophors, a variation of the characters of the 
deteaninants can arise, and consequently also qualitative variations 
of the oans controlled 1,y the determinantsthe determinates. 
But, since nothing liviug can ],e thought of as invariable, the l,iophors 
themselves may, on account of nutritive fluctuation% grow unequally, 
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We mu.l assume deter,dnant.s, and consequently the germ-plasm 
must have room for these: the wtriations of species can only be 
explaine,1 through varbttions of the germ-plasm, for these alone give 
rise t hm'edita W variation. It is Ul)On this foundtion that my 
germintl selection is 1,uilt up; whether I have in the main reached 
the rub the future will shmr: },ut hat I have no exhausted this 
new domain, l,ut only ,pcned i up, I am very well aware. 
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stages, from polyp and worm up to insect and mollusc. But yon Baer 
afterwards showed that such reseml,lanees are never between diflPrent 
types, but only l,etwcen representatives of the Salne general type, 
e.g. that of Vel'tel,rM.a ; and Johmmes 3ltillel" maintailmd, from the 
utmMpoint of tim old Creation theory, that an 'expression of the most 
general and simple 1)lan of the Vertebrates' recurred in the develop- 
ment of hiher Vertebrates, giving as an instance that, at a certain 
stage of embryogenesis, even in Mm, gill-arches were laid down and 
were sul.seluen$1y absorled. But why this 'plan' should have been 
carried out Wllere it was afterwards to 1,e departed from remained 
luitc unintelligil,le. 
An mswcr to this luestion only 1,eeame possible with the revival 
of the Theory of l)cseent, and the fil'Sg to throw light in this direetion 
was Fritz Miiller, who, in his work Fiir Dar,tci, published in 864, 
interpreted the dcvelOplnentM history of the individual,' the ontogeny,' 
as a shortened and simplified repetition, a recapitulation, so to speak, 
of the racial history of the species, the ' phylogeny.' But at She same 
time lm recognized luite elearlywhat indeed vas plain to all eyes 
that the " racial history' eamot le simply read out of the 'germinal 
history,' 1,ut tlmt the phylogeny is often 'blun'ed,' on the one hand 
l,y the fusing and shorSening of its stages, since development is 
always ' striking out' a more direeg eourse firm the egg to the perfeet 
animal, while, on the other hand, it is frequently ' falsified' by the 
struggle for existence which the free-living larvm have to lnMntain. 
For the estal,lishment of these views Fritz Mfiller relied chiefly 
upon larwe, and in particular upon those of Cl'ustaeeans, and ihe 
facts, which were in part new mad in part interpreted in a new 
manner, were so striking that it was impossible to deny their 
importance. In pargieular, he drew attention to the faet that in 
several of the lower orders of Crustaceans the most diverse species 
have a similar form when they leave the eo'o.e, all of them being small, 
unsegmented larwe, with a frontal eye and a hehnet-like upper lip, 
and with three pairs of appendages, the two posterior pairs being two- 
lwanehed swimming-legs leset with 1,ristles. In the size and form 
of the body, and especially of the chitinous carapace, these larvm 
differ in the various systematic groups; thus, for instance, the larvm 
of the Copepods are simply oval, while those of the Cirrhipedes are 
pro, lueed aiteriorly into two honMike processes, and so on, but in 
essentials they are all alike, mad for a long time these larval forms 
had been distinguished 1,y the special lmme of 'Nauplius ' (Fig. 109). 
The leveloplnent of the perfect animal 1,egins with the longitu- 
dilml growth of the Nanplius; the posterior end lengthens and 
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swimming-legs, to different kinds of functions, one becoming an 
antenna, another a jaw o1" a sl nnnnn-arnl, a third, fOUl']l, fifth, and 
so on, a julnpinK-leg, a copulatol y org'an, an egg-bearer, a gill-l,earer, 
or a tail-fin. 
That the dvehqmmt has in ffeneral folh,wed those lines is made 
clear chiefly by the 'act tha the mcml.ers of aH these different orders 
f Crustaceans still arise from nauplius larvw, even in those cases 
which the perfect animal possesses a strucbure diflhring widely fr.m 
the usual Crustacea f.rm. All Crustaceans arise frown the 

Fro. Io9. lletamorphosis of one of the higher C,'ustacea, a Shrimp 
(Peneus lotimirim) after Fritz Miiller. A, the nauplius larva with the three 
l,airs of appendages : I, the antenme ; 11 and II, the biramose swimming- 
lbet. A% tim single e3e. B first Z,ma stage, with six pairs of appendages 
t.l-V1). Skn, area where m.v segments are being f,,rlned. 
/;,r. even tlose of the higher orlel'S, thougl tl.'y may not arise from 
a nauplius la'va. But this very circumstance, that in mos of the 
hiffher and many of the lower Crustaceans, the younff animal, when 
it emerffes, from the eo', ah'eadv possesses more numerous segments 
and liml,s than a nauplius larva, again points to the eomexion 
1,etween phyloffeny and ontoffeuy , for in these eases the nauplius 
stage i gone tl'.ttgh ,citl, i the ,,,,tern. The whole dibrenee between 
this aud tile Forms we emsidered first lies in the fact that, in the 
latter, the development is greatly shortened, condensed, as we mighb 



164 THE EVOLUTION THEORY 

through this whole development within the egg, and emerges 
perfectly formed. 
We see from this example that it is no some inward necessity 
which thus, in the higher and more complicated organism, eonh'aets 
the ontogeny int) the eml,ryonic state, lut that this depends al)On 
external a(lapti e fa(.tors. Here again we have adaptation, main]y o 

FIG. xo 9. /), lIysis-stage. Thirteen lmirs of alq,vnd,ges are now frmed : 
I and II ,qntenme ; III, n:mdil,les ; IV nl Y maxilla, ; VI-.YII[, swimming 
appendages with one branch or with two. Abd, abdomen. Sfl, tail-fin. 
E, the fully-fomncd Shrimp, with thirteen pairs of appendages on the 
cephalothorax (Cph); I and II, the two pairs of antennae; then follow the 
maxilhe and maxillipedes (II]-VIII), the last of which is visible in the figur% 
and the five pairs of walking-legs (IX-.'III) of which the third 1,ear a h_,ng 
chela. On the a|,domen there are now six pairs of appendages 

t.he conditions of larval life. The elimination of the larvm by enemies, 
for instance, will, oilier things being equal, 1-,e so mueh the more 
incisive le longer he larval development is protracted, but in tha 
ease the general ratio of elimination of the species, and the degree of 
fertility the species must possess in order to hold is own in the 
struggle for existence, will also play a part in determining the mode 
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in the spirally c,)ile, l shell in the course of ages appeared first ou the 
last vhorl, a,! theu sulsc,lucutly extended to the one before this, 
and theme to the still younger whorls of the shell. Meanwhile the 
last whorl n(t ifrequently exhilite, l another new character. Thus, 
for instance, protulera,ces on the shell were shifted in the course 
of fhe ld,ylog'cny from the last convolution to the second last, md 
later to the third last, anal so on, while at the same time the last 
convolutim showed the protuberance changed in sl)ines. In other 
words, the new 1)hylctic acquirements first appeared in the mature 
animal (in the last-formed whorl or chaml,cr of the shell), 1)ut were 
sul,se(lucutly shifted 1,ack 
1)txq)orti(,u as new transformations of the mature animal apl)ered. 
Thus there w,s, so to sl)eak, a retractim of fhc phylctic acquisitions 
()f the mature a.Smal dCCl)cr and dccl)Cr ito tl,c germinal history 
)[ the 
Al,out the same iw--in tim sevcntiesl oltained similar 
results from living species when 1 was ateml)ing to work out the 
ouogeny of the markings on the cxcrlml skin of he caerl)illars 
of certain 1,uttcrflics, and I sh)uhl like to submi u short account 
of these. 
In one of the early lectures we discussed he proccive and 
(h.fcnsivc colours of caerl)illars in general, aml hose of caterpillars 
of ]m Sl,hingide in particular. I shoaed that those naked caer- 
pillars which live on ],]ans among the grass, or on the gr iself, 
arc often not only green, like fresh grass-stalks, or yellowish-grey, 
like d5 ones, buL all the la'er forms also exhibit lightS, usually 
white, longitudinal lines, which, by mimicking the sharp ligh reflec- 
tions on the grass-stems, heighten the protective resemblance. 
We also spoke of the light ransverse sripes, often nmrked with 
pink or lilm-ldue, of many of he large green caerl)illars which live 
on trees and lushes, and whose likeness to the lea'es is heightened 
by his imitatio of the lateral veining" of a leaf; and finally we 
meione, l he warning coloratiou indicative of mq)leasan or nauseous 
taste, among wIich mus be classed no onl$-  ivid contrasts of colour, 
but also specially conspicuous elements of colour such  light ring- 
spots upon a dark gvund. These diflhrent colour schemes which 
protec the caterpillars from their enemies are usually only o be 
found in the adolescent caeq)illar, not in the very small one which 
has jus emerged from he egg, and the developmeu of the markings 
in he individual life cleu'ly shows that the 1)hylogeny of the mark- 
ings is more or less olviously confined in he ontogeny. 
. There are hree diflhrent schemes of marking which occur in the 
[I. N 
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But that the cmpletc disal,pearancc of the determinants only comes 
about with extreme slowness, so that whole geological periods are 
sometimes not cnough for its accomplishment, we have already learnt 
from our study of rudimentary organs, instmaces of which can be 
demonstrated in eve T higher animal, ],ering witness to the 
presence of the relevant org'ans or structures in the aueestors of 
the species. 
We can infer with certainty, from the ol,servational data aS 
our disposal, that the disappearanee of useless parts is regulated 
1,y definite laws; lut it is too soon to at.mpt to formulate these 
laws, or even to traee them baek to their meehanieal eauses. As we 
have already said, a much more comprehensive eolleetion of faets, and 
alcove all one which has 1,ecn made on a definite plan, is a neeessa W 
preliminary condition to this. But so much at least, we may gather 
from tlc facts 1,efn'e us, that the degencratim of an organ begins at 
the final stage, and is transferred raduMly baekwards into the 
eml_,ryog'enesis. Thus the two fingers of 1,irds which have disappeared 
since Cretaceous times are still indieated in eve W 1,ird-eml,ryo, 
though they sul,sequently degenerate. In wrious mammals 'pre- 
laeteM tooth-germs '. have 1,een demonstrated in the jaws of eml,ryos, 
which show us that not only did ancestors exist, whose dentition was 
the modern ' milk-teeth,' but that still more remote aneestors possessed 
another set of teeth, whieh was erowded out ly the 'milk-teeth'; 
thus the teeth of the aneesrs of the modern right whale (Baleen( 
qysticetu) are only represented in the emlryo of to-day in the form 
of dental pits. And, as we saw already, the Os eent.rale so eharaeter- 
istie of the wrist of lower vert.el,rates only appears in Man at t ve W 
early eml,ryonie stage, and disappears again as such in the further 
eourse of the emlryogenesis. 
We may perhaps g'ive a pliminary statement of this law as 
follows: It is impossil,le that any part. or organ shouhl be removed 
suddenly from the ontogeny without lMnging the whole into disorder, 
and the least serious disturbanee of the course of devehpment will 
mdoubtedly le eaused if the final stage of the part in question 
leeome rudimenta W first. Only after this has happened, a.nd the 
neighl,ouring pars have adapted themselves to the disappearanee, 
can this extend t.o the stages immedialy preceding it, so that these 
too degenerate, and allow the surrounding parts to adapt themselves. 
The further baek into the ontogeny the disappearanee extends the 
greater will be the numler of other struetures afleted in some way 
or other by the degeneration, and t.hese musg not all 1,e brought 
suddenly into new conditions, else the whole course of development 
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variation ill all the rest of the parts and stages of the animal. 
A theory of epigenesis cannot do this, for, if no rel)resenttive 
particles were contained in the germ-lflasm, then every variation of 
it xvould attbct the whole course of development and every part of the 
orgmism, and variations of individual parts arising" from the germ 
would he impossil,h. 
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has been estal,lished in the case of all animals which have hitherto 
I,een investigated, aml ,f all the most carefully studied plants. md 
finally, i has l,een shmvn f, lt. vm T l,rol,al,h, i unicellular organisms, 
f)r f.he processes f co0ugatio in Infusorians and mmy other 
ProLozoa include 1,lennnena very si,ilar to those of reducing division 
in the higher animals. The prelietion made on theoretical grounds 
has here been verified by observation, and it is obvious that. the 
assmnption of ids, that is, of units in the g'erm-plasm whiel are handed 
on front one 'enm'ation to the succeeding one, inwAves  reduction 
of {heir numl,er in each anq,liluixis. With(rot this the mmler 
would I,e doulded at eacit aml,himixis, and wmhl therefore gradually 
amount to s)mefhing mormous. We see Llmrefore wh)" tills normally 
recurrent reducfim of ils 1,eforc each amphimixis was esfal,lished 
in the course of ewluti, al we see tlurt it ievitally iolves that 
a new eomlination ()f ils sh[mld le asst'ite, I witl t.acl amphimixis. 
If nothig persists unless it be pm'poseful, that is, necessary, what 
is the meaning" ([ tle fact that arran'cmt.nts for aml)himixis occur 
over allnos the whole known d,)nmi f life, frm the very simple 
organisms up to fhc hihesf, in unicellular an, l multieellular organisms, 
in plants and animals alike ? Why is it tlmt this arrangement has 
1,een departed from only in a few small gr(mps )t' forms, widle it occurs 
evmTwhere else, in alm,st ever)" generatim, so indissoluldy assoeiafed 
with reproduction tlmt it ]ms even 1,een regardedwith a 
of clearness--as itself a f)l'lt o[ relwodnetion, and is ex'en now 
generally called 'sexual reproduction'? And why is if that in many 
organisms, especially lowly )nes, it is not associated with every 
produefion, though if recurs at regular or irregular intervals? 
Such  universal arrangement must m&,ul,tedly 1,e of fundamental 
importance, and we have to ask wherein this importance lies. Theft 
is the problem o fhe solution of which we must now apply 
ourseh-es. 
So much we may say at once" The significance of amphilnixis 
emmot 1)e that of making multiplication possilde, 5)r multil)lieation 
may 1,e eflbeted withonf, amphimixis in the most diverse ways--by 
division of the organism into two or more, 1,y lmdding, and even 
by {he production of unicellular germs. Even fhough these last are 
usually in various ways so organized fhat they must undergo aml)hi- 
mixis before they can develop into new organisms, yet there are 
numerous germ-cells which are not suleet to fhis condition (e.g. 
spores), and Lhere are--as we have seenmany germ-cells, adapted 
for amphimixis, which ahvays, or in eerfain generafions, or even 
only occasionally-, emancipate themselves fr()m ibis eondifion under 
II. O 
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since at ever 3- reducing" division the ids of the germ-cells are lrough 
down to half their nnml,,,r, a possil,ility is off,re,1 for gradually 
removing the unt'avoural,le ids from the germ-plasm of the species, 
since the descendants resulting from the most unfavonral,le id-coml,ina- 
tions always perish, and so from generation to generation the germ- 
plasm gets rid of its nnfavoural,ly varying ids. and the most 1,rol,itions 
combinations aflbrde, l 1,v aml,himixis arc preserved, till ultimately 
there remain (rely those coml,inations which arc varying alq)ropriately, 
or at least (rely those in whicl the apl)rol)riafcly varying" determinants 
are in the ,0orit3", anl so have c)ntrolling influence. 
Logically this deduction is un,loul,tedly indisputable, from the 
standl)oint of the germ-l,lasm theory" 1,ut whether it nmy be regarded 
as a suffici,nt reason For the introdnction (,f amphinfixis, and 
its extreely tenacious lersisteucc thrntghout the conrse of the 
hmg and itvicate l,lyh)geny, cammt l,e nmintailw,1 withont special 
i estigat i 
Against my lositi(m t]e olcction has often 1,con urg'e,l that an 
arrangencnt camot arise n" 1,c maintained tlrough natural selection 
nnless it is qf direct .t,e to the individual in which it cnrs. Sexual 
reproduction cannot therefore have 1,ten estal,lished siml)ly because 
it advances, or even 1,ecausc it nmkes possil,le the adaptations of 
species, for these adaptations onl 3- came al,out occasimally, perhaps 
once in a thousand generations or even less freqncntly; thus the 
intervening generations could derive no advantage of any kind from 
the arrangement iu question, and therefore, according to the law of 
the degeneration of mmsed characters, it nmst have long since been los. 
I mentioned this olection l,efore, bnt was ol,liged to postpone 
a detailed c)nidcrati)n of it until we had discussed germinal 
selection. 
We admit, of conrse, tlmt clmracters are onl)" preserved intact 
as long as tire 3" are of advantage sufficient o turn the scale in favour 
,f their possessors, and that they legin to fall from their lmight of 
perfectio when that is no longer the case; we admit also that new 
adaptations are not continually necessary, last are so only at_ intervals 
of long series of generations, and yet the objection cited seems to me 
1,aseless. 
Leaving out of account, for the moment, the first introdnction 
amphinfixis, let us deal with it as an existing occnrrence, for the 
tenacious persistence of which we wish to find reasons. 
Is i reall)" the case that alnphimixis is only of importance 
connexion with the new adaptation of a species, and that it has nothing 
to do with the persistence of the species in the state of adaptation 
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already ttttaied? Aeeov, li,,g to the conception of the processes 
within the gel'm-plash, wl,id we have ah'eady sttte, l, it is impossil,le 
that this should 1,e the ease, t',r eontimml slight fluctuations are 
occurring in the dvtern,i,mnts in cmse, lumce d" the fluctuations o 
the nutritive srca,u, aul t]tcsc sli/ht variations, plus or minus, do 
not in many eses C, lualizc one another ,n" counteract one another 
l,v turning agfin in a c,,,travy direction; they go o, increasing in 
the direction in which they have I,egun. It is only when persomfl 
selection opposes them that they come t,, a standstill, tml this cm 
mdy happen wl,en they attai t nelectio,-value, that is t.o say, when 
they reach , level at which they Ieeome disadvantageous in the 
struggle ot" persons. But an germim] variati,ns o[ this kinl are 
contimmlly occurring, lerso,al s,.lection must kee l, contimml wtch 
over them. and eradicate tben as norm an they ]rove attained selection- 
vtfiue. 
Therefore. la.n a species is mos perfectly adapted to its 
emditions, i wouhl of necessity 1.egin o lcgt'nerae i[ personal 
selection were nt eontimally guav, ling i, aml setting asi, h. evm 3- 
thing tha is in excess or defieien as som as i legins o 
prejmlieial. But ]e a, laptatim [ a species does no depend upon 
me charaem" persisting at its n,,rmal level. 1,u on the persistence 
Vel'y llltll13" , alld Illltlly of these vary simultaneously upwards or 
&mmwards, and reach tlm limit f scleeti,m-value at one t.ime or 
another. It" tlmre were n amphimixis, then either all individuals 
with any excessive variant would he at vnce elimintc,.l, or the species 
wouhl go on deteriorating mti[ this excessive variant vas so 
numerously and strongly represented in all its individuals tlmt it 
would perish through ,It.generation,. Bu even in the first of these 
cases the species would ,h'ift towmls the fttte of extinction, because 
excessive variations tlo occur even in every asexual generation, and 
wouhl appear in an increasingly hu'ge mmfi,er o[ deterlninants 
there were no possilfilit.y o[ rzjecting them and eliminating t,hem 
from the lineage ,,[" the species. 
This is made possil,le thvouKh the pevi,die intervention 
amphimixis; i[ is actually eflk, eted thereiv" and in this way alone 
[he species is kept at its high-water mark of adaptation. It is not 
necessary., [o assume that every, single determinant which is -.atymg" " 
in an unfivourahle divt.etim is at once eliminated as soon as 
leeomes prejudicial, that is, reaches negative selection-value, 
mke use of n expression introduced ly Ammon--as soon as it. 
overs[eps the loumlaries of the 'playground of variations.' the limits 
wi[hin which variations are wit.her favotlral,le nor unfavotlralle. Bug 
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i'n tle ('<)wrse qf geteratiots they are unfailingly eliminated, especially 
when  large mml,er of Ultftvoural)ly varying determinants are 
eoineiden in the germ-plamn. Then the individuals which arise 
from a germ-l)ltsm thus composed mus perish in the struggle for 
existence, and thus the id-coml,inations with excessive determinants 
re elimint.ed fr(nn the grminal constitution of the species. As 
this is repeated as often as excesses of he ids occur, the species 
is kep pure. 
I might, bo oliech'd that, throu/h such  continual weeding- 
ou of rel,cllious determinants, the germ-plasm would become 
constant, in it.s constitution flung i wouhl ultimately 1,e secure from 
all such al,crrations f it on the l>art of its detcrmimmts, and therefore 
would iu time hce()ne luite ineaplde of diverging from its proper 
path a all, mM w)uhl thus no longer require this continual correction 
through aml,ldmixis. 
I d> n, wis] t> emtradie tlis eonelusi(m: indeed, I believe 
that he e<mst.itution of the spoeies becomes more and more eonstan 
in the way I luve indicated, and that an ever more pcrfceg and stalde 
cquililwimn of the wl(dc determinant system is thus l,rough 
I follows tlmt in the course of generations the diverse dctcrmimmts 
,f the gel'm-plasm will vary within a progressively shortened radius, 
mM will thus more and more rarely overstep the limits of the 
' variation-playground '--and ye I still 1,clieve tha. this justifial 
conclusion tells in fvom" of my inel'pretMion of the uti]itv of the 
persistence of amphigony once introduced. 
Let it le remarked, in the firs place, that it is 1,y no means 
essential to the preservation of a. useful institution that it should 
practically justify its utility in ecery generation. Although, for 
instance, the warm winter coa of a species of mammal may l,e 
necessary o its surviwd, i does no disappear a once when a winter 
happens to occur which is s() warm that even individuals with poor 
pellage can survive. Indeed, several such mild winters might occur 
in succession, in which there was no wecding-ou of the individuals 
with poor flr, and yc the thickness of the winter fur of the species 
would no become less fixed, .ius ]eeause this character no longer 
varies pel'eepil,ly in an old-estal,lished species which has long been 
perfectly adapted, and ig could only 1,e brought into a state of luarked 
fluctuation very slowly through direc influence on the gcrm-plasm, 
or through pamuixia. Bu exactly he same thing is true in regard 
to the detenninants of the reproductive cells, in respee of their 
adaptation to mnphimixis, on13 very much more emphatically. 
Before going further, I should like to show tha the eonelusim 
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clSldren f a pair are often dissimilar. And while tim 'Schiller' 
cannoL l,e scparaLed again inLo red wine and white, Lhis happens of Len 
in sexuM reproduction, and sometimes to such an extent that the 
grandchild exactly reseml,les one or oLhcr f the grand-par,uLs, as 
most eletrly proved in t.lie ease of planL-hyi,rids. 
There is thus a deep-seaLed diflk.rclme, depending on the fact 
tha whaL is nSng'led in aml,higony is no simple 1,ut, COml)sic. 
a simple mSf()rm &.velolmmtal t.cMmcy associatcl wit.h a simple 
and definite sulstance, lint a c(nnldn(tin of several or many 
developmental tendencies, assoeiat.c,l witl several eluivalent 1,ut dif- 
ferent material units. These units are the ids or ancestral plaslnS, and 
we have seen how they are nog only halve, l ly reducing division. 
],lit, arc also arnmged in new cmidnations in amphimixis. 
Tlcse ids diflbr very little within tle same gcr-l>lasm : in speeies 
which have long 1,een cstl,lished the m:iorit.y prolal,ly only diflbr 
in correspondence to tim idividual difll.rcnees of the fully-formed 
rgmisms, 1)ut tlcy are only al,solutely alike in the ease of two ids 
whieh hare leen forned lv the division of a mthcr-id. Let us dis- 
reg'ard this for the momcnk and assume that all the ids of a germ-plasln 
are different: the gcrm-plasm of a father, t, will he composed of i, ls 
A -oo, that f the mother. B, of the ids B -oo. Bu in each 
mature germ-eell of these two parents only fifty ids are contained. 
and if we assume ghag ghc mingling of the ids is controlled solely by 
chance, then in tlc wrious g'crm-eclls A x B the most diverse eom- 
l,inati(ms of ids lnay 1,e eontaim.d ; for instmlee, A , 3, 5, 7, 9, I. 
...to 99, or A -o and ae-3o, and 4e-5o. and so on, and similarly 
in the germ-cells B. If all g'crm-eells produced 1,y A and l,y B 
attained to develol)lnent, or even il" all the ova succeeded, the thousand 
or hundred thousand ehildre of this pair would necessarily exhil,ig 
eve W possilde mingling" of their eharaetcrs, and each in the same 
numl er according to the rules of prol al ,ility calculations. But it is well 
known t]at t]i does not ](q)l)e; of the thousands of human ova, 
instance, which come to maturity in the eoul'se of the life of a female 
individual more ghau ten rarely develop, and more than thirty never. 
and these are determined solely 1,y ehauee and quite independently of 
the mixture of ids which they contain. It is thus purely a matter of 
chance which of the complexes of l>rima3" constituents eontaiued in 
the germ-plasm of an individual are transmitted to descendants. 
it is also purely a matter of chance which eoml,ination of ids comes 
to be developed. Theref()re we may say that no regular neutralizing" 
of contrasts, either in the prima W constituents of the parents or as 
regards the difl?renees in their characters, can occur. In one ease there is 
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In the Coccidia, which arc extremely simple unicellular organisms, 
equipped, however, with a nucleus, the adaptations relating to mnphi- 
mixis are more extensive and marc eoanplex than in the Rhizopods. 
For while in the latter the two conju'ating cells are absolutely alike 
in external appearance, in the forn,cr the male cell is distinct fr,m 
the female, and indeed the ,li[4rences arc as marked as those that 
usually occur in multicellular animals. 
We >we our present knowlc, l,a'e f these processes especially to 

. @.:.. 
n. . Liti,-eyele of occidium lihobli a eell-lmrabite of the ntipede 
LiNobis : after 8ehaudinn. I a i sporozoite '   the bame penetrating into an 
intestinal epithelial cell  a, the 8nine growing into   sehizont' capable 
divisin : 4 the same dividing nnd 5 breaking up int numerous pieces which 
eparate from the residual body' in the centre, and either as in i migrate 
in epithelial eell and repea the history, or pass on to the phase ot" sexual 
reprr,dueion. In the latter s% atter eliminating a portion of lhe nucleus 
reduction) in 6 and 6a they grin the "maergamete' (the ovmn)  or within 
the mother-cell they produce mierogametes (or sperm-eells' 7 and 7 
penel'ation of a bperm-eell into an egg-cell (mphimixis) is slmwn in 8, the 
lrtilized egg-eell (9) heeomes the so-ealled ooeys or permanent spore, from 
which by repented division (o nd i), new sporozoies as in i arise and 
bein he cycle at-esh. 

Schulerg, Schaudim,. and Siedleeki, and, 1,ecause of their theoretical 
importance, I should like to smm,,arize the essential points. 
One of these Cocci,lia lives in the intestinal ceils of a small 
centipede, Zitl, obis; in Fig. I21 the parasite is shown as a so-called 
' Sporozoite,' that is. as a minute sickle-shaped cell, which at first 
moves freely al,)ut .the intestine of the host (), but then soon 
penetrates into an epithelial cell (':,). There it grows to a spherical 
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case there must be growth subsequent to the COljugati(,n ],eSwe le 
mwmal is re-aaine, l. It nay l,e ,h)uled, therefore, whether the 
iucrease in mass is, even i the case cited, the essential even 
coiugation, and whether here are no oher efles which we canno 
clearly recognize. Here, too, there must be differences 1)cLween the 
two coiuffating individuals, as we have .itts seen, for if they 
communicated sometlfinff similar to each oLher, the resulL would le 
increase only in their mass, n.) in their qualiies. 
Although we cam)t ,hm,)nstrat.e differences of this kind in the 
case of he lowly organisms with which we are now dealing, we may 
assume their existeuc, from anah)g T wiLh the higher organisms. 
We know, especially thvoug] (..linger, that in Man every individual 
]ms a specific exhalation, his l)arLicular odour, ud thaL in the sccreLious 
of his glands there arc incalculally minute diflbrences in chemical 
c, mq)osition, which justify tlw conclusion Oral Lle living sul,stance 
of the secreting cells tlemselvcs exhildts such diflbrences, and that 
all Lhe various kinds ot" cells in an idividual are not absolutel S 
i, lcntieal wiLh the corresl).mding cells of another individual, huL LhaL 
they are disLinguishcd from them 1,y minute yeL constanL chemical 
differences. The assumpLion thaL diflbrenees of Lifts kind exisL even 
iu unieellulars, and in all h)wly organisms generally, is uoL a merely 
fanciful one, 1.ut has much prolal)ility. 
How far the coml,ination of these individual differences of 
chemical, and aL Lhe same Lime vital, orgufization is able to quicken, 
t,) strengLhen the metab)lism, to 1.ring abouL "physiological regene- 
ration,' or whaLever we may chse to call it, we do not yet understand. 
It has leen said thaL in 1)lastogamy an exchange of 'sulstauces' Lakes 
1)lace; Lhat each gives to tle other the sulstances which iL possesses 
and the oOmr lacks, and thaL this causes an inerea.se of vital energT. 
BuL iL is unlikely tlm we have here to do merely wiLh chemical 
substances, alHough these, of course, as the maLel'ial basis of all viLal 
processes, are indispensalle; iL seems Lo me more proballe LhaL the 
viLal units (1.iophors) themselves in their specific individuality musL 
play the chief parL. ut even Lhis is saying very little, for we have 
noL ye reached an understanding of Omse processes, and if we were 
noL forced ly the facL of plastogamy Lo the conclusim thaL Lifts union 
must have some use, no one would have 1,een likely to postulaLe 
it as useful, still less as necessary. IL has, of course, been frequenLly 
suggesLed Lla multiplication by fission, if long'-.eonLmued," results 
in 'exhaustion,' and Lhat this is correcLed by unphimixis, buL who 
can Lell why Lhis 'exhaustion" might noL be remedied, and even more 
effectually remedied, l)y a fresh supply of fuel, tha is, of food  One 
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,qssumed organisms have not yet l,ccn olsevved with certainty. 
Perhaps they all lie I,ehm" tlw linits ,)t" visil,ilits- , and then we could 
never do m(u'e titan ttl,l,e that plastoR'amic processes occur among 
them. Logically and purely the, wetically we may uppoe'e {,hat, amphi- 
mixis oeem'red first lwtween {he l)lasmie ]<,lies of non-nucleated 
M,mera, (hen lwtween the eeli-l,odies of tram cells, and finally l,ctween 
the nuclei of cells. 
Let us hold fast {o what we have foml to 1,e 1)rol.able, namely, 
{ha{ {he fusion of in, lividually diflbrent simple ovg'anisms must, ov may 
lwing ill,out a direct advanfage--a stimulati() of tim metabolism, and 
af the sam, ti.e an impvovmm,n{ f the constitution in diflbrent 
(liveetims, and let us go ,n to flm etmsid,,vation of eell-fusiou eom- 
1,im,d wii] mmleav fusion, )t" complete ampldnixis. In this SOlnefhin g 
is added which we can veeogdze as an iml)wtant, advanfage, namely_ 
the comlfinaiim f tw[) hcw,difavy slll,s{;tllCeS, anl thus the union 
f two wtvintion-eomph.xes which, aeeovdig {o )uv view, is necessary 
if t, ransformtiem ,)f Sl)eeies is {o {ake place. In mere plastogamy 
such a union of two hereditary masses eouhl only take place in [onera, 
no{ in nuclea{ed organisms. If {hen {here are vallv unicellular 
organisms whiel ehilfit plastogamy without karyogamy (certain 
Foraminifera), we have a fur{her proof thae (lese lwoeesses of plasmie 
fusion imply direct adwmtage, which is distiuce from {he indirect 
advatage lying in the mingling of two lifll,vent heredi{ary con- 
tril,utions, since in these eases of 1)lasio'am5" there is no delnOnsiralle 
minglin of hereditavv bodies, no kavyogalny. 
Bue as soon as kuTogam 5- or mtcleav fusion was associated with 
mere plastogamy, eomph.te amphindxis eouhl never 1,e lost. ag'ain, 
l,eeause it alone made it possil,le {hat there should lc harlnonious 
transformation and adaptation in ovg'anisms which were becoming 
ever more complex; {he primary eflbe{, of the mingling would be more 
and more transcended, since, without amphimixis, transmutation with 
harmonious a(laptaiion in all directions would be less a.nd less possilde 
as mganisms 1,eeame more complex in structure. I have already 
referred to the manifold details in the structure and development 
of the lowest, organisms which make this conclusion appear lmninous 
to us, lint we can also infer the necessity for an unceasingly active 
selection, from  quite diflbrent se of facts, namely, from what we 
know of rudimentary organs in )lan. 
We may regard Mankind as a species which has its local races 
and sub-races, lint which is fixed in its essential characters, and only 
fluctuates hither and thither in individual variation in each sub-race, 
just, like my other modern mammal, such as the marmot or the hare. 
L Q 
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strongly attract each other of themselves, but they were equipped 
with a strong power of mutual attraction, 1,ecause the llnion of very 
diff,.rent iudiviiualities was the more advautg'eous. 
This is au inlortaut distiuetion, for the adaltatiou to allogalny is 
widely ,listril,uted, aul its latest manifcstatims have fl'eluently been 
lnisundcl'sto,d in the same way as its l,egilmings. The widespread 
oeeurrcnee of allogamy has ],een iuterprcted as evidence in favour of 
the rqiuvenation theory, anal the endcavour on Natm-e's part to secure 
the union of the unlike has ]ecn assoeiated with the hypothetical 
' rqiuvelmting' powt, r of aml,hilnixis, au,l regarded as a direct and 
inevitable outeolne of this. That this view is errmeous we shall see 
even more clearly from what f,llows. 
As mnong unicellular Alga, it is freluc,t.ly only gametes of 
difl)reut lineage which eoR]ugate , so amug" auimals aud 1,1auts there 
are lllllllel'OllS eases in which the union of nearly related Kamctes 
more or less strictly excluded, 1,oth },y the prevention of self-fertiliza- 
tion (autog'amy) iu hcl'malfln'odites , or 1,y the prevention of inbreeding, 
that is, the eontiuucd pairing- of near relatives. Now all the 
preventive lneaSUl'eS which eflk, et this are of a secondary nature ; they 
are adaptations which result from the advantage involved in the 
milgling of uurelated g'el-ln-l)lasms, even th,mgh it sometimes seems 
as if they were m outcome ,ff the primary llatUl'e if the 
,," il 
eel'lll-('e s. 
The primal3, result of the mutual ehelnieal influence of the two 
germ-cells upon one another isapal't from the impulse to develop- 
lnent which tle eentrosphere of the sperm-eell supplies--as far as 
I see. only the more favourable or the more Ulffavourable lnilgling 
the l,iol,hol'- or determinant-variants, and the resulting increase or 
decrease in adaptive capacity, which leads to the better thriving of 
the oflkpriug, or conversely to its degeneration. Evel'ythilg else is 
seeondary and depends upon adapttion, eflbeted in very dive:se ways, 
to secure the most faVOUl'al,le lniugling of the grln-plaslns for the 
particular species eoneerned. Undoubtedly the parental ids united 
through aml)hilnixis have an eflbet upon each other, since throllghout 
the lafihling up of the Ol'gmiiSln Of the child the holnologous deter- 
lninants stl'ugla'le with one another for food, but they do not afiet 
each other in the way that many prominent physiological and lnedieal 
writers suppose, namely, flint the union of the parental germ-plasms 
sets up a ' formative stimulus' which "advances' or even 'greatly 
advalmes' the process of develolmmnt in the 
Pu'thenogenetie developmeut goes O11 just aS rapidly, sometilles 
even lnOl'e rapidly thau that of the fertilized ova of the stone species  
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sink to Olle kin,l of i,1, that is, that the g'ernl-l,lasm may then consist 
entirely of identical ids. If chance variations of cert.ain determinants 
in unfavoul-al,le directi)ns ccur i some of the ids eoml>OSilg the 
germ-plasm, these are 1,r)ught t)gether in the ofl;pring from 1,oth 
the mMernal mM the ptcrnal side, mM will occur in an inel'casing 
llUlnler t[ ids the' hnger the inl,ccding has gore' on. that is, the 
smaller the llUml,t,r of di)rcnt ids has lee)me. The unfvoural)lc 
variation-tendency is therefore persisted in, anl its influence upon 
the dcvelol)mCnt of a new h.seclant will Ic the greater the larger 
the numi,cr of i, lcntieal i,ls with these mffavoural,lc variations. It is 
ol,vious that the crossing (ff m mfimi, which is thus, so to speak, 
degenerating slightly, with a ncml,er )f an urn'elated family must 
immediately have a good e)et upon the descendants, for in this 
way Trite dii.ret i,ls with thm" vriations of their ,lctcrmimmts 
are introduced it lhc inl,re,1 g'cmU-llasm which had leeomc 
! 1iOI 1oo1 lOlls. 
From this theoretical intcrl)rctti,n ,f the injurious eonsclucnecs 
of inl,recdin" we may at once infer that not every inbl'cedilg 
necessarily implies degeneration, fw the ceurrenee of Ulffavouralle 
variational ten, lcneics in the gcrtn-1)lasm is presnl)poscd s 
starting-point of lcgclmrat.ion. and if these do not exist there can 
no ,legencratim. This harmonizes with the fact that the evil ebets 
of inlreeding are ol,servcd to rary l'etly i** amot,t, (tml ratty 
oc('v"  ,dl. But they arc greatest in brcels artifieially selected 
ly man, which ]rove long 1,con under ummtural, direetly influential 
conditions, and are also removed frum the 1)urifying influence of 
natural selection. In such eases, ther(.fore, there is every 1)robability 
that diverse Ulffavoul'able variatimal tcn,lcneies in the dctermilmnts 
will oeeur. 
BuL how are we Lo uldel'stanl the fact that pure parthenogenesis 
may last Lhl'ough innumerable generations, and yet no degeneration 
sets in  I believe Vel 3" simply. In this ease too, the Sallle ids which 
were peculiar to Lhe mother of the l'aee are contained in the deseend- 
anLs, but they do llOg diminish ill number, for in lmre and normal 
parthcnogelmsis, such as that of QIpri 'cpt(.. the second maturation- 
division of the ovum does noL take place, and this is precisely the 
nuclear division which ebets reduction. In addition, the introduction 
f i(lcntieal ids, which must take place in the ease of inbreeding 
at eve 3- amphimixis, does not occur, and, what is certainly of great 
ilnpOl'tanee, all these eases are ohl species, living under natural 
eonditions--the same eonditions under which they lived as alnphi- 
gonous species, and not newly forlned breeds under artificial 
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SOlnes. That these increase again ly division to the lormal llumber 
,loes not save tile theory, for only .ide,ticol ids Call arise ill his way, 
while the significance of the multiplicity of the ids lies mainly in 
their diflbrenee. The halving of the lmmber of ids in each 'lnale' 
ovum wouhl necessarily lead, if not to a perlnanent diminution 
the numler of i, ls, at least to a lnOlmWny of the germ-plasln, since 
the nulnl,er Of ({('ret ids wouhl I,e steadily decreasing and the 
numl,er of ide,di,',,1 ids as steadily increasing. This too would 
a contradiction ,[" the theory. But Dr. t'crunkewitsch's investiga- 
tions have sl,)wn tiroL, of the f(,m" nuclei which are formed by the 
two reducing" ,livisims, the wo mid,lie ones (Fig. 79, K 2 and 
recoml,inc with ,me an)ther, and fuse into a single mmleus, and tha 

Fro. 79 repealedL The two maturation division,s of the drone eggs' 
unfertilized eggs) f the bee, after Petrunkewitsch. sp  the first directive 
l,in,lle. 1i alld K2, the two daughter-nuclei of the same. /sp2, the second 
directive spindle. /3 and Ji4. the two daughter-nuclei. In the next stage 
K2 and K 3 unite to form the primitive sex-nucleus. Highly magnified. 

[1"Olll this copulation-nucleus in the course of developmenL tile primitive 
germ-cells of the embryo arise. 5Wow all Lhe ids which were originally 
present in the lmeleus of the ilnmature OVUln lnay be reunited in 
this 'polar eopulation-lmeleus' if the Lwo lluelei K 2 and K 3 turned 
towards each other in Fig. 79 contain ,lifferelt ids. That this is 
the ease ealmot of course 1)e seen frolu the ids thelnselves, hut it 
seelns to lne extremely probal,le, since it is ,lissilnilar poles of the 
Lwo nuclear spindles which here unite, lalnely, the lower pole 
(daughLer-nueleus) of the upper spindle and Lhe upper pole of the 
lower spindle. In tile first directive or pohu" spindle there lay 
thirty-two ehronlosolnes, which had increased ly duplieaLion from 
sixteen, and of these sixteen passed over into the first polar lmeleus, 
while sixteen formed the lasis of the second directive spindle. These 
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INBREEDING, PARTHElX'O(ENESIS, ASEXUAL REPRODUC- 
TI()N, AN]) THEIR CONSEQUENCES 

The separation of tim sexes exists even among the lrotozoa--Conditions determin- 
ing the occurrence of IIcrmaphroditism--Tai3e-xvorms, CirrhipodsPrimordial males 
--Advautages -f l*arthenonesis--Alternaii,*n xvith hi-sexual geueratic, nsIn Gall- 
waspsIn AphidesCross-fcrtilizaiion secured in plantsSelf-rtilization is avoided 
xvhonever possildeThe meclmnism of fertilization and the mingling of germ-plasms 
must be clearly distinguished froln one another--Cases of rsistent self-fertilization-- 
The effects of inbreeding e,,mpared with those of parthenogenesis--The effect of purely 
asexual reproduction--In sea-wracksIn lichens and fungi--In cultivated plants-- 
Degeneration of the sex-organsSummary. 
WE have seen thtt continued inbreeding must make the germ- 
plasm monotonous, and therefore unplastic as regrds the requirements 
of adaptation. Accordingly, we found thtt the gametes of many 
unicellulars are so constituted that they only possess a power of 
attraction for gametes of t different lineage, not for those of their 
ow stock. Among multicellular organisnls the lllOSt inLense mode 
of inbreeding is to be found in the unintewupted self-fertilization of 
hermaphrodites: in such cases the monotony of the gel'm-plasm 
mus reach extreme expression more readily than in the case of 
ordinary inbreeding. We can thus understand why, in the scale 
f organisms, hel'e is such a early occurrence of gonochorisln, the 
separation of the species into male and felnale individuals. Even 
among unicellular pltmts or Protophytes this occurs occasionally, as 
it does in the Vol%icellids among InfusorialS. 
In the 3lettzoa and Metaph3%a the separation of the sexes finds 
emphatic expression" it is abSell from no importan group, and 
in many. such as, for instuce, among the Vertebrates, it has become 
the al,solutely normal condition, wi0 hardly any exception. But 
in many divisions of the animal and plant kingdoms herlnaphroditism 
also plays an importan pal% as, for instance, in terrestrial snails and 
in flowering plants. 
Obviously the sexual adaptations of a species are definitely 
l'elaed to the conditions of its life, and, though Nature's endeavour 
to prevent inbreeding and to secure cross-fertilization is evidenced 
1,y 0e oeeulTelee of separate sexes ill 8och a multitude of forms 
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and it must be so, since the eggs, though secure against cold and 
desiccation, are very imperfectly proccte,l agains he numerous 
enemies which may do them injmT. 
Of course the number of individuals which form a colony may 
vary greatly in he diflbren species, and he same is rue of he 
num],er of parthenogenetic generations which precede he hi-sexual 
generation. I Imve ]ready shown in detail tha his depends 
precisely on the verage dm-ation of the favourable conditions, so that, 
for instance,  species which lives in large lke-basins will produce 
mny pro'ely prthenogeneic generations before the bi-sexual one, 
which only appears towards ui, mnn, while species which live in 
quickly-drying p,)ols have only  few parthenogenetic generations, 
aud the true pud,llc-dwellers give rise to males and sexual females 
along with the parthenogenetic fenmles as early as the second 
gnerion. 
We hus flud in the Daphnids n alternation, regulated and made 
normal 1.y nural selection, of purely parthenogenetic with 1.i-sexual 
generations, and he resuR is lm {he uniformity of the germ-plasm, 
which is he necessary consequence of pure parthenogenesis, is inter- 
rupted after a longer or shorter series of generations by he occurrence 
of amphimixis. Tha he number of parhelmgeneie geuer{ions nmy 
le so varied, hougq wih a definite norm for each species, indicates 
aain lm amphimixis is no an absolute condition of he nminen- 
auee of life, uo au indispeusable rejuvenation, desigued o eouuterae 
he exhaustion of vital foreewheher his be mean in a transcen- 
dental sense or oherwise--bu ha i is an imporm advantage 
eleulaed o keep he species a is hig'hes level, and lm is influence 
appears whether i occurs in he species regularly, or frequently, or 
only rarely. 
his kind of alternation of generations, lm is, he alternation 
between unisexual (female) and hi-sexual generations, has 1.een called 
hemgony. Iu the Daphnids, emgainly, a difference in form heweml 
he parthenogenetic and he hi-sexual generation does no exist, for 
he sane females which produce eggs requiring fertilization eau also 
produce paghenogmmie ova, although hese are ve T different, from 
each oher, as we have already seen. The difference between genera- 
{ions, herefore, does no lie in heir srueure, bn in heir endeney 
o prhenogeneie or to mnphigonous reproduction, and in he absence 
or presence of male individuals. here are, however, other eases of 
alternation of generations in which he differen generations divere 
from eh oher in srueure. One of he mos remarkalde of these is 
ha of he gall-wasps (Cynipi&e). In mauy of these lile Hymeuo- 
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lay parthenogeuet.ic eggs (E 1 mM E), and from these there enlerge, 
late in autumn, the melnl,ers of the siugle hi-sexual generation, 
males aud females (F  and F z) both very minute and wingless, 
without tr 1)iereing proboscis, and thus incapable of taking" food. 
These pair, and the femMe lays a. single egg (A) under the bark of the 
vine, from which the leaves are now falling; this egg survives the 
winter, and from it in the folhwing April or May there elnergcs once 
more a 1)arthcnog'enetie fmnale. 
I eouhl hardly le more plainly shown than it is 1,y this ease 
that the importance ()f alnphimixis is something quite apart from 
reproduction and multiplication, for here the number of individuals is 
not only not increased by amphimixis, but is materially diminished, 
Ieing indeed lessened by a half. By the retention of amphimixis, 
the species gains iu this ease no advantage e,ccel)t the mingling of two 
germ-plasms. 
Somet.hing similar occurs in 1)lants which exhibit alternation of 
generations, for instance the ferns, in which the sexual generation, the 
so-called 1)rothallium or 1)rothallus, eontril,utes nothing to the multi- 
pli('(dio, f the plant, since only a single egg-cell is developed: and the 
same is true of the mosses. In both eases qultil)lic(dim depends 
solely on the asexual generation, which, as the so-called ' moss-fruit' or 
' feru-plant proper," produces an enormous number of spores, in addition 
to multiplying l_,y rmmers. 
To sum up: we have seeu that self-fertilization does occur iu 
hermaphrodite animals, where otherwise the species wouhl 1)e in 
danger of extinction, but this is never the ole and exclusive mode of 
fertilization , for hermaphrodite species have always the possibility 
of securing inter-crossing of individuals, mad that iu various ways, 
whether ly the intervention of ' primordial males' or 1,y an occasional 
or a periodic alternation of self-fertilization and mutual fertilization. 
Pure parthenog'elesis enduring through immmera.Me generations does 
appear to occur, lut in most eases unisexual generations alternate with 
1.i-sexual, so that a stereotyping of the germ-plasm with eoml)lete 
uniformity of ids is obviated. 
We must now briefly consider the higher plants with reference to 
the maintenance of diversity in the germ-plasm through crossing. 
We saw in an earlier lecture that most flowers are hermaphrodite, 
lut that they do not fertilize themselves, and are adapted for crossing, 

1 AS tO the cases Naupas has brought into notic% of permanent and apparently 
exclusive self-ferhlization in Rhabditid (round worms), it seems fair t say that they 
have not been as yet sufficiently investigated to admit of a secure appreciation of their 
value in their theoretical bearings. Cf. Arch. Zool. Exper., 3rd set., vol. viii, 9oo. 
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in those with h,ng styles. Experin,ents have proved t,hat the dusting of 
flu. stigma has t.h(' 1,est results if pollen frown the short-styled reaehes 
the stig'ma ,)f the long'-styl(',l form, or if 1)ollen from the long-styled 
form reaehes the stigma of the short-styled. Thus we have again 
to deal with an arrangement for erossing, an adaptrtion to the 
advantages of eross-fertilizati()n, and we ean in this ease see the reason 
why the pollen has a difl[,rcnt cflbct upon the two stigmas : the pollen- 
grains of the flowers with short style are larger than those of he 
flowers with long style, u,d s the length f the 1)lh'l-ul,c tha can 
le sent out must d,l)Cnd Ul>m the mass ,f l>rt)plasm within he 
pollen-grain, it f)llows theft the mnallcr pollen-grains will send out too 
short a tulle a reaeh through the hmg style to the eml)ryo-sae. In 
addition to this t, hcre is a diflbrenee in t, hc l)apill:e )f t, he st.igmas, and 
it is possil,lc that these may form m ol)staelc to the penetrating of 
pollen from a similar type. The praeess of selection whieh gives rise 
to such arrangencns as w. find in Primulas may easily be imagined, 
as so(,n as we arc al,h. t) assmne tlmt cross-fertilization is more 
advantagcans than sclf-fcrtilizatim s re'ards ln'ogeny, that is, as 
regards the eont.immnee f the species. 
We have alremly seen tlmt uninterrupted self-fcrtilizati(m is 
unknown mnang" milnals, l,nt that it is not even very rare among 
plants, and this emphatically eorrol,orates our previous eonelusion, 
that the reason for which amphimixis was introlueed as a normal 
event in natm'e is not o l,e sought for iu he nceessity for a renewing 
of life, or 'rejuvcnatiol.' It cannot le a neeessity, but only an 
advantage, whieh can in eertaiu eiremnstanees be dispensed with. 
Although it is ol,vious enough that eontinued inlweeding in its 
most extreme f)rm, sclf-fcrtilizati()n, does not imply an 
ahandomn(:nt of amphimixis, t, he adherents of the rcjuveneseenee 
theory have regarded the unfavouralde eonsequcnees of pure inbreed- 
ing as a eonfirmation of their assumption, aeeording o whieh mnphi- 
mixis is indispensable to the continuance of the life of the speeies, 
and it is therefore an important fact, if it can le proved, that eon- 
tinued self-fertilization ean oeeur persistently, mnong plants at least. 
and yet n[>t eause any injurious resulgs to the speeies. 
But how ean his faet 1,c understood from our point of view 
How does it happen tha crossing is striven after in so many different 
ways and yet so often given up again, and eontinued self-fertilization 
resorted o ? 
To this it may be answered, iu the first plaee, that it is not, as 
far as we can see, for i-dern,l reasons hat persistent self-fertilization 
beeomes the rule: there is no peeuliar condition of the germ-plasm 
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iu the germ-plasm. But there seems to me to 1,e a differeuce and 
one which is uot without impwtance. 
In parthenogenesis no amphimixis occurs, 1,ut neither does any 
reduction of the lmml,er of the ids to one-half; all the i,ls present at 
the 1,eginning of parthenogenesis arc retained" they are only no 
longer mingled with strange i[s. In inbreeding 1,oth amphimixis 
and reduetim take place, lint. the former soon ceases to e(mvey any 
really stnmge ids to the germ-plasm, ],ut only the same as those 
which it already contains, so t.lmt  rapidly increasing monot, my 
of the germ-plasm mst. result. To this must 1)e ad,led the possil,ility 
that among the few i,ls which now--many times repeatedfwn the 
germ-plasm, some must occur which exhil,it unfavom'alde variational 
ten&.neies in one or many let.erminants, and then the same tlfing 
will oeeuv which usually ,eeurs in experimental inlweeding of 
lomestieated animals, namely, dcgener(db, qf tl, e 1'o9e,9. In 
parthelmgenesis t.hv eas,. is otherwise unfav(mral,le variational 
tendencies, as soon as t.hey attain selection-value, are, so to speak, 
eliminated ro(,t and 1,ranch, I,eeause the individuals which exhil,it 
them, and their wh()le lineage, are exterminated, withmt their having 
any eflk, et upou the other collateral lines ot descent. A lmrely 
parthenogenetic .ls)eeies' will, therefore, not degenerate as long as 
individuals of normal constitution are present, for these reproduce 
with perfect purity. But if in later generations unfavourable 
variational ten,leneies crop up in the gcrm-plasm through germinal 
seleeiou, the process of personal selection will },e reinforced on these 
or on their deseen,lants, and it is eoneeival,le, and even probal,le, that 
in perfectly adapted species partheuogvnesis may last [)r a very long" 
time without doing any injury to the eonstitutiou of the species. 
The same is true of lmrely asexual reproduction, to the 
investigation of which we shall now turn. 
Let us leave out of account the simplest animals (Mmera) without 
amphinfixis, which we have ahvady discussed. In siml)le animals 
repro, luetion i)y 1,udding or 1,y fission is frequent, or it occurs in 
flternation with sexual reproduction; in higher animals, Arthropods. 
Mollusea, and Vertel,rates, asexual reproduction is wholly alsent. 
In plants it plays an enormously greater part, and what is called 
'vegetative reproduet.iou,' which is purely asexual without any 
amphimixis, is to 1,e fomd in all groups of plants, especially in the 
form of budding and spore-formation, besides which there is nml- 
t.iplieatiou ly runners, rhizomes, tuhers, bulbs, and lulhils. In most 
eases there is, in addit.ion to the lmrely asexual reproduction, so-called 
sexual reproduction associated with amphimixis, and often the sexual 
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 variation movement originating in the germ-l,lasm may go on 
increasing ill i aains o election-vMue, and then 'personal selec- 
tion' steps in, and seeks to make i tim eOlnmOn property of the 
species. But it is olwiously also conceivable that variational ten- 
dcncics risin" in the g'erm-plasm lnay uever attain to selection-value 
at all, and then in most eases they will only omtime to exist through 
a hmgev ov sharter series of KencraI.ions as in, lividual distinguishing 
characters, withmt 1,cing transmitted h a larger numl,er of individuals 
or ],eeoming a constant character ff the species. Their persistence 
will ,lele,,d esse.,tially ,,, tlw chance f mingling with other indi- 
viduals, and on the halving of the germ-plasm which precedes sexual 
rel,vo, luetim. Nm.r or later these individual peculiarities disappear 
agin, as my fften lc olscrved in the ease of almormalities or morl,id 
ten,lcneies in man, in as fro" as these do not weaken vitality. In the 
latter ease tl,ey attain selcetim-value, though only negatively. 
But even ,luite indifllq'ent germinal va.riatims, which ueiIher raise 
nor lower the individual's power f survival, nmy. under some circum- 
stances, increase and loal to permanent variations f all the individual 
of a species, and this halpens wheu they are conditioned 1,y external 
influences which affect all the individuals of a species, or of the parti- 
cular colony concerned, and it is this kind of orgmfismal change which 
we shall now study for a little in detail. 
The ordinary m.ver-eeasing, always active germinal selection 
depen,ls, we must assume, upon intra-germinal fluctuations of nutri- 
ti,,n, or inelualities in the nutritive stream which circulates within 
t.hc germ-piasm. The variations wldeh it produces may, therefore. 
cliff)rent in each indivi,lual, since these fluctuations are a matter 
elmnee trod may afl?et tim determinants A in one individual and the 
deternfinants B. (', or X in anther, or alteruating groups of these. 
(h' it may I_,e that the homdg'ous determinants A may vary in a plus 
direction in one in.lividual, mM in  minus direction in auother, while 
in a third they my remain unchanged, and although the same direction 
of variation of a determinant 3  may occur in many individmfls, it vill 
certainly not do so in all, and still less will it occur in all along with 
the same eoml,ination of fluctuations in the rest of the determinants. 
It is mly if this eeurs that the variation can heeome a specific 
character. 
We migt expect on (t priori g'rounds that not only the chance 
fluctuations of nutrition within the germ-plasm would eause its elements 
to vary in this or t.hat ,lireetion, 1,ut that there would also be influences 
of a more general kind, especially those of mtritiou and climate, which 
would in the first place fl?et the lo, ly as a whole, 1,ut with it also the 
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;erm-1)lasm. and which would therel?ore 1,riuff al,out vriat.ims, eibher 
in all ov only in cerbaiu debcrmimbs, ha finis case all the indivi,luzls 
would vary i 0c same wa S, 1,ccause all voul,l be simil:rly afl,cio,1 
1,y he same causes ,t" cha/e. 
This is actually t.h, ease; i is i,lul,it.al,le tlm ext.ermd iflueuees, 
uch as those emauat.ig f'o the evivme or clit in which 
species live, are alh. to cause ,liree vaviat.io ,f the 
tha is, l>eVm:met., 1,eeause h.r.dit.avv vaviatims. We have ah'ea, ly 
rt.f'rve,l o this lw,eess an,1 edlc,1 it' induce0 germinal scleetion.' 
That such iflU.lCes f .nviromet ma" 1,'i ff al,out changes 
in idit'id,,l orgaisms is ol,vious eou/h: [ha[, fw istmce, 
urition makes tle 1,ody strog and vigorous, ha too aluu, lant 
t'o1 makes i fa a,l euscs ,legcwrat.im. hat. isucieut f>od lesses 
is stami ul viffuv , ave wcll-kw t'tets. We have t> inquire. 
, the me hau,l, [ wha[ ex[t.[ sueh iflucces ave al,lc [o eallSe 
chanff,.s iu the i,livilual l,,,ly i the course of t lifetime, an, l, 
the other hand, more l>trticulavly, how fu" such oh:rages or modifica- 
tios f the soma ca call ['orth c,rreslO,lin ff variatios i he 
,lcevmimmt syst.cm >t" the florin-cells, ad whether and u,ler wha 
circumstauces they may 1,e trasmittcl; for where 0is is no 
ease there ea 1,e n permanent, hereditary variation of the whole 
species, a,l t.he variatim will mly persist as Ion/ a he coditius 
which gtve rise t i cdure, au, l will disappear agti wih these. 
The influcnec of uuriiou as a cause ,t" vaviaim has ,ften been 
ovcr-estimatel. The old statem<.t which has goe he romd of he 
tex0,ooks ice the ime of .l,lm Huter, thtt the stomach f 
cavivoves may 1,e trasfvme<l l,y vcffctal,lc lict into a herl,iwre 
somach, is al,solutely uq>rvc,1, lh'adcs at leas, wh> o only 
sulticcted all the stacmcts i the literature on thi poiu to a critical 
invesi/atiou, 1,u also instituel experiments of his own. rcgar, ls he 
sta.eme as altoffehev uufouu,le,1. All the 'caes' cited, in which 
he stmaeh of a gull or ,f a owl fel on /rain leeame tvausformcl 
ito a orgau wih [vmger muscles anal coverel with horny pla[es, 
<lepe,l, accor, li/ to l-h'aO.s, upo ilexae observation. There can 
therefore be o qucstio of ay ideritacc of thi fictiiou omaeh- 
tvasformaion, an,1 the i,lca that such a fmdamcutal histological 
a,lal>aio as the alleffcd trausformat.ion of the stomach of the grail,- 
eating 1,ird shouhl arise as a direc effect of the food is wholly wih- 
ou foundation. 
But i is quite oherwise with purely quantitative differences i 
uutriiom Tha mcaffre die iflueuces indivi]uals unfavourably is 
idubitdle, aud we are cevaiul 3- justifi.l i eosidcrig whether 
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iusees,--so-ealled aberrations, such as had previously been foun, I only 
very rarely and singly under mural con,lit.ions. The deviations 
from {he normal IlIRS undoul,{e, lly be ascribed o he effec of cold, 
it does not f,llow that they are new forms which have suddenly sprung 
into existence, as many have assumed without further experiment. 
l)ixey, on the other hand, has atteml)ted to establish, ly a comparison 
of the different species of ltes'a, the phyletic devclol,mCnt of their 
markings, an, l has found f.]m.t fhese alcrra.tions due to cohl are more 
or less complete rcversims to earlier phyletic stages. As regards the 
common small painted lady (lte.., ca'dt,i), the small tortoise-shell 
1,utterfly (15,eaatt urti('te), the 'Admiral' (ltnes, ,dala**t(t), the 
peacock (lhtne., i,,), and the large tortoise-shell (lt 
l)olycl, iovos), I can agree with this interpretation, and I do so the 
more readily lccausc some years ago I suggested f.hat the alternation 
vf differently cohured generations of seasonally dimorphic Lepi- 
dopfcra might 1,e considered as a reversion. But this 19" no means 
excludes the possil,ili/y that other than ahvistic alerrations may 
1,e produced by cohl or heat. There is nothing against this theo- 
retically. Yet we must not, without due consideration, compare hese 
abruptly occurring variaLions fo the sport-varieties of plants which 
we have already discussed: there is an important difference between 
fhe two sets of cases. In the Lepidoptera a single interference, 
lasting only for a short time, modifies the wing-marking, but in fhe 
plan varie(ies the visilde appearance of the variation is preceded 
19" a long period of preparatory change within the gerln-plasm. 
This period required for the external influences to fake effect was 
already recognized by Darwin, and i has recently 1,een named 1,y 
De Vries the ' prcmutatiou period.' 
We may explain tltese remarkable aberrations theoretically 
the following way: The determinants of the wing-scales in the wing- 
primordimn of the young pupa are influenced ly the cold in diflreuf 
ways, some kinds of determinants 1,eing strengthened by it, others 
markedly weakened, even crippled  to speak, and in fhis way one 
colour-area spreads itself out more han is normal on the surface 
of the wing, and another less, while a third is suppressed altogcLher. 
That fhis disturl.auce of the equilibrium between the determinants 
leads usually to the development of a phyletically older mrking 
pattern leads us to the conclusion that in fhe germ-plasm of 
modern species of l'(ttett a certain munler of determinants 
the ancestors must 1,e contined in addition to the modern ones. 
We might even inquire whether these were not better able to endm'e 
cold than their modern descendants, since their original possessors, 
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of ,lifferent families, in regard to which Poulton showed that in their 
early youth they possess the power af a, lapting themselves exactly 
to the colour of their chance surroundhgs. It is obvious that the 
protection which the caterpillar vould gain from being coloured 
(tlroxitdely like its surroundings wouhl 1)e insucient, for instance 
1,ecause the surrom,lings may l,, very ,liverse, since the species lives 
upon diflbrent, vari(,usly colaured plants and plant-parts. Thus a 
faculfative adaptafion arose. Selection gave rise to an extraordinarily 
specialized susc(.ptibiliiy on the part of the diflbrent cell elements 
of the skin to diflbrences of light, anal the result of this is that the 
skin of the caterpillar invariably fak,,s m the colouring which is 
reflected upon it in the rst few days of its life from tim plants an,l 
plant-parts 1,y which it is smT(un, led. Thus the caferpillars of one 
of the (leometrida,.  I q)tl)]i,bis lelttloq'itt, take on fhe colours of the 
twig ],etween and upon which fhey sit, and they can be made black, 
1,rown. white, or light green quite independ,mtly of their food. accor, l- 
ing to f]te col(mr of the fvigs (or paper) am(,ng which they are reare,[. 
Colour-changc in fishes, Amphibians, Reptiles, an,l (ephalopods, 
depends upon much more complex adaptatims. In their case a reflex- 
mechanism is present which conducts the light-sfimulus affecting 
the eye to the brain, and there excites certain nerves of fhe skin: 
these in their turn cause fhe moval,le cells of the skin which 
condifion the colouring to change an,l rearrange themselves in 
the manner necessary to 1,ring al,ouf fl)e harmonization of colom-. 
t)n this depends the colour-change of the famous chameleon, and also 
the scarcely less striking case of fhe tree-frog, which is light green 
when it sits (m frees, but dark brown when it is kept in the dark. 
All these are secondary reacfion. of the organism in which the 
external stimulus is, so to speak, made use of fo Ill,crate adaptive 
variations, either permanently or transitorily. In fhe cafmillars 
colour-changes are permanent, that is, it is only the young" caterpillar 
which fakes on fhe colonr of its surroundings : later it does not change, 
even when it is exposed to diflbren{ light, or intentionally placed upon 
a food-plant of a different colour. In shes, frogs, and cuttlefishes, 
on the contraT, fhe reac{.ion of the cohmr-ce]ls to light only lasts 
 little longer than {he light-stimulus, and if changes with it. The 
purposiveness of this ,liflbrence of reaction is ol,vious. 
We canno say to what degree the direct influence of external 
conditions is eflbcfively operative on the germ-plasm, or how far, 1,y 
persistently repeated slight changes, fhe ,leterminanfs and the parts 
of the body determined by them may le made to vary in the course 
of generations; that is to say, how larg, a part this direct influence 
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some to the south to the Alps to eSCal)e in their heights fro,, the increas- 
ing warmth. There are many diurnal Lepidol)tera which now 1,ehmg 
to l,oth regions, and of these some have remained exactly alike, so that 
the Arctic form eann()t I,e distinguished from the Alpine form: others 
shiny slight ,liflreuces, so that we can distinguish an Arctic and 
an Alpine varlets". To the former category l,elong, 5>r instance. 
Ly<'e,+ d,)z,.lll and L,,/cce,,ct l+l,e+vtes, A,yly+ni lMc, E'cbi,, m<tto, 
and others: to the second category 1,ehmg, for instance, Ly,'a,, 
(,'bi[{ltt, Prun., Ly,(e,, ,,i,lilete, A,'yyttis tl, o'e, and some species 
of the genus E,'el,&c 
This canlut 1,c an instance of the direct effect of g'eneral climatic 
influences, for in that case all the nearly related species of a genus 
would have varied or nat varied ; nor have we to do with a,laptations, for 
the differences in marking are seen on the upper surfaces of the wing, 
which do not exhil,it protective colouriug, at least in these Lepidoptera. 
It can only lmve 1,eeu the 1)rcvention of crossing thai has fixed the 
existing variatimal tendencies in the isolated colonies--variations 
which would have 1,ten swamped and ol,literated if there had I,een 
cmstaut crossing with all the rest of the memlers of the species. 
But there is another fmor to l,e considered. Those Alpine 
Lepidoptera, for instance, which have not remained exactly the same 
in the far north, have formed local varieties in the rest of the area of 
their distribution also, while species which have remained quite alike 
in isolated regions, such as the Alps and the north, exhibit no aberra- 
tions in other isolated regions, such as the Pyrenees. in Labrador. or 
in the Altai. Thus one species must have ha, l a tendency in the 
Glacial period to form local varieties, and the other ha, l not: and 
I have ahvady attempted  explain this on the hypothesis tha the 
former at the time of their migration and segregation into different 
colonies were at a period of dominant variability, the latter at a 
period of relatively great constancy. Leaving aside the question of 
the causes of this phenomenon, we nmy take it as certain that there 
are very varialde and ve W constant species, and it is obvious that 
colonies which are fomded by a very varial,le species can hardly ever 
rmmdn exactly identical with the ancestral species ; and that several 
of them will turn out difl[rentls-, even granting that the conditions of 
life be exactly the same, for no colony will contain all the variants of 
the species in the same proportion, but at most only a few of them. 
and the result of mingling these must ultimately result iu the develop- 
ment of a somewhat different consent form in each colonial area. 
If we were to tl T to imitate this 'amixia' artificially we should 
only require to take at rmdom front the streets of a large town 
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wrying iu a particular direetiou occurred in the majority of its i,ls, 
these wouhl, as  conselucnce of persistent germinal selection, go 
varying gradually until t, he externnlly visilde wriation appeared. 
This would not have appeared at all if the niml concerned ha, l 
rein:tined iu the original halfitat of its species, for there it wouhl 
have ],een surroumlcd lx- normal gcrm-pbsms, and its direct 
,lesccndants, cvcn if they had 1,con as favouraldy situated for 
origin f variations as we have assumc,l, w)ul,l not have reproduce,1 
only mong" th,msclvcs, and thcref(>rc even in thc next generation 
uml,r )1" /)' ids wuhl have diminishcd. 
()lwiously it is to  certain extent a mattcr of chance whether 
the isolated descendants the' variation or the n(wmal form rcmaius the 
victor, for it depends on the mul,cv of 1>' i,ls orig'imdly present 
the fcrtilize, l co/o/s, thou on tim chances of reducing divisions, and 
finally on the clancc which lwins to/ether flw pairing individuals in 
which the sinilarlv vu'ic, l ids preponderate. The prol,al,ility (>f the 
cmlUCSt f tlc variat.i,)n will dcpcml in the main ou the strength of 
the majority of tlc varic, l ils in the fertilized ,,,,'s of the pareuts" 
i[ this 1)e an overwhelming majority, then the chances of favourable 
reducing divisions and pairings will also be great. The origin 
a pure amixia variety will thus depend upon the fact that the 
vu'iatioual tcn,le(.y Do was present in a bu'ge mmlcr of the ids 
the ancestral germ-plasm. We need not wonder therefore theft of the 
mmerous diurnal 1,uthq'flb,s of Corsica and Sardinia only eight have 
,lcvch)l>ed into eudemic, 1)r)lal dy ' amiktic,' varieties. 
But since we know that so many species in oceanic islands and 
other isolated reg'ions are endemic or autochthonous, i.e. of local origin. 
therc must olwiously be somc other factor iu their evolution in 
addition to the mere prevcntion of crossiug with unvaried individuals 
of the same species. The variational tcudcncies which have ariseu 
the germ-plast through germinal sclecti(n may--as we have already 
seeugain the ascendancy in various ways" first, l,y 1,cing favoured ],y 
the climatic influences, then Iy 1)cing taken un,lcv th+' protection of per- 
sonal sclectiou, whether in the form of natural or of sexual selection. 
As the inhabit.auts of insular areas are not infrequeutly sul]ect 
to special climatic conditions, we may assume at the outset that many 
of the ' endemic' species are climatic vtrieties, but in many cases this 
explanntion is insufficient. For instance, special local forms of mock- 
ing-bird live on several of the Galapagos Islands, hut this cauuot 
depend upon differences of climate, for the islands are only a few 
kilometres apart, and resemble oue another as regards the conditions 
of life which they present. But as the differences between these local 
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change of food and other conditions, such as the consciously or 
uneonseiously exercised proeesses of seleetion. It follows [1"o111 this that, 
in the gl'adml diflhsim of snails all over the island, similar localities 
w,mld almos never le colonize,l by exactly similar immigrants, l,ut 
ly individuals eontainin K a difll'ent comlfination of the existing 
wu'iations, so that in the course of time diflbrent c,aetal jbrm would 
be evolve,1 through amixia in relatively isolated localities. 
But everythinK would be diflbrent in the diflhsion of a new 
species of snail in a region which was already fully or at least 
alumlantly occupied ly suail-speeies. Let us leave out of account 
altogether the first factor in wu'iatim, the chalged climate, and we 
see that a species in such circun,stances woul,i have no cause for 
variation, 1,ceause it would find n, area um,eeul,ied mtside of the 
sphere to which it was 1,est adapted; it would therefore not 
impelled to adapt itself to any ,ther, and in most eases could not ,lo 
so, leeause in caeh it woul, l have to eompete xvith another speeies 
superior to it },oeause ah'ea, ly a[lal)ted. 
The ease would I,e the same if an island were sud,lenly peopled 
with the whole snail-fituna of a neighlouring continent, with which 
a hind eommxi(m had arisen. If the island had previously 1,eeu free 
from snails, all the species of the mainlan, l would le alle to exist 
there in so far as they were alle to find suital,le eonditions of life, 
lint each speeies would speedily take eomplete possession of the area 
peeuliarly suited to it, so that none of their fellow migrants would 
be impelled, or would even find it possible, to adapt themselves to 
new conditions and hus to become variable and split up into varieties. 
If Ireland were at present free froln slmils, and if a land connexion 
between it and England came about, then the snail-fauna of England 
would probably migrate quite unvaried to Ireland, and in point of 
fact the snail-fauna of the two islands, which were formerly con- 
neeted, is almost the same. For the same reason the fauna of 
England, as far as terrestrial snails are concerned, is almost the same 
as that of Germany. 
On the other hand, it may be ahnost regar, le, l as a law that an 
individual migrant to virgin territory lnust beeome varialle. This 
eoul, l not be better illustrated than by the geographical distribution 
of terrestrial snails, whieh emphasizes the faet that a striking wealth 
of endelnie species is to be found on all oceanic islands. )Ioreover, the 
fact that the numl,er of these endemic species is greater in proportiol 
to the distanee of the island from the continent, indieates that the 
variability sets in lnore intensively ald lasts longer in proportion to 
the small nulnber of species which beeolne ilnlnigrants in the island, 
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and in proportion to the number of unoccupied areas which are opeu 
to the descendants of the immigrant species. This is undoubtedly the 
reason why the Sandwich Islands do not possess  i,gle l,ecies which 
occurs elsewhere, and the segregation of the unknown ancestral form 
into many species and several (four) sub-genera is also to be inter- 
preted in the same way. There was probably in this ce only oue 
immigrant species, which found a free field, and adapted itself in its 
descendants to all the conditions of snail-life which obtained there, 
and in doing so split up into mnnerous and somewhat markedly 
divergent forms. But he numler of cliff?rent forms is much greater 
than the numler of distinctive hal,itats, as Gulick indicates and sub- 
stantiates in detail, for similar areas, if they are relatively isolated from 
oue auother, are inhal,ited not hy the same forms, but by different 
though nearly related'varieties, and this depends on the fact that from 
the species which was in process of varying a diflhrent combination of 
variations would be sent out at diflbrent periods, and the temporary 
isolation would result in the evolution of special local varieties. 
But I do not 1,elieve that this would continue for all time. I 
rather think that these--let us say--representative varieties would 
dimiuish in nmnl,ers in the course of a long period. For the isolation 
of single valley-slopes or of particular woods is not permanent, indi- 
viduals are liable to be carried from one to another in the course of 
centuries as they were at the b%dnning of the colonization of the 
isolated wds; forests are cleared or displaced by geological changes, 
connexions are formed between places which were formerly separated, 
and in the course of another geological period the number of repre- 
sentative varieties, and probably even of species, will have diminished 
considerably,the former will have been fused together, the latter 
in part eliminated. Even now Gulick speaks regretfully of the 
decimatiou of rare local forms by their chief enemies, the mice. 
But even if the nmnber of endemic forms iu insular regions 
diminishes fim the time when they were first fully taken possessiou 
of. i: nevertheless remains a very high one, for even now Madeira 
possesses 04 endemie terrestrial snails, the Philipl)ines have more 
thau the whole of India, au.l the Autilles as many as the whole 
Amerieau eontineut. 
Many naturalists believe that each isolated variety must diverge 
further and furt.her from its nearest relatives as time goes on. 
Although I entirely admit that this is possible, for I have 
endeavoured to show that variational tendencies which have once 
arisen in the germ-plasm go on in the same direetion until they are 
brought  a full stop in some way or other, yet I cannot admit that 
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germinal select.iou, natural selection, and sexual selection. We can 
say generally that each grade.and mode of selection will more readily 
lead to the transforlnation if it be colnl,ined with isolation. Thus 
germinal selection may call forth slight divergeuces in colour and 
marking, which will he pel.manelt if the individuals concerlmd are in 
an isolated region. In isolation these va.riations will increase undis- 
turl,ed, and in some circumstances will 1,e intensified by sexual 
selection, so that the male sex will vary alone in the first place, 
though the female may follow, so that ultimately the whole species 
will l_,e transformed. Finally, the most marked effect of isdation is 
seen when individual members of a species are ransfcrred to virgin 
territory which oflkq's unoeeupicd areas, suial,le noL o one particular 
species alone, ],uL t() many nearly relaed species, so tha the immi- 
gran colony can adapt itself o all the diflren possil,ilities of life, 
and develop into a whdc circle of species. BuL we saw that such an 
aftergr(wth of new f)rms, whether varieties, species, or even genera, 
may far exeeel the mnnl,er of diffel'enL kinds of loealiies, if there 
relative isola.ion ],etween the difll-en groups of immigrants withiu 
the insular region, as happelS in he ease of slow-moving animals like 
he erresLrial snails, or of small singing-birds, Lo which each island of 
a lilc archipelago is a relatively isolated region (Galapagos). 
We may fires fully recognize he importance of local isolation 
wihou regarding he absence of crossing with Lhe members of the 
species in the original habia.L as he sole cause of species-formation, 
wihouL seting' isolation' in he place of the processes of selection. 
These lasL, aken in the wide sense, always remain he iudispeusal,le 
basis of all Lransformaions, buL Lhey certainly do no operate 
only in the form of personal selection, 1)uL, wherever indiflren 
eharaeers are concerned, in hat of germinal selection. Here, oo, we 
see he possil,iliy of reeoneiliaion wih those naLuralists who regard 
ransformaions as primarily dependen Ul,On in,el'hal forces of 
develol)menk The fae is haL (dl v(tri(dio.s depend .tpo 
c(tcses, and their eourse must be guided by forces which work in an 
orderly way. Bug he aeLual eo-operaion of all these forces and 
variations is no predetermined, but depends o a eera.in exenL upon 
chance, for of le possil,le modes of evolution the one which gains the 
upper hand in he play of forces aL the momen is alone followed, the 
belier are everywhere preferred, from he mosL minute viLal milts of 
the germ-plasm, up o Lhe struggle beLween individuals and l,etwcen 
speeies. 
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at difl'crent places. One of the h)ngest of these chains of forms is 
that of X,ttitm ci,'ta, which runs across the island from east to 
west, tnd, begimfing with the smallest and most delicate forns, ascends 
through many intermediate stages to the giant form 
Such chains ()f forlns have 1,een previously recognized: thus Kolelt 
descril)ed one in the case of the Sicilian land-snails of the genus 
Iber-as, and other cases are recorded in litertture, but in all instances 
hey refer to areas which must 1)e regarded as isolated for the snails, 
and which have been colonized fl'om a single starting-point. 
We have now to imluire whether and how we can explain the 
origin of these chains of forms. The cousins Sarasin tell us how 
they at first attempted to refer the diflbrcnces between the individual 
links of such a chain to the diverse influence of the external con- 
ditions of life, 1,ut iu vain; neither the height above sea-level nor 
the character of the soil was sufficient, and natural selection was 
no more so; ' for why should a. high Obba-form twisted like a 1,echive 
be either better or worse equilTed for the struggle for exist- 
ence than a smaller and flatter one?' It is true that we do not 
understand why, but this does not seem to me any reason to doult 
that natural selection should 1,e regarded as one of the causes of 
the divergence of these species, for we could not answer the same 
question in regard to any of the other structural diflbrences between 
two species of snail, for the simple reason that we have far too little 
knowledge of the biological value of the parts of a snail. Or could 
any one tell of what use it would be to a snail-species to have 
the horns slightly longer, the foot somewhat narrower, the radula 
1,eset with rather larger or more numerous teeth ? We might indeed 
imagine many ways in which it might 1)e of advantage, 1,ut we are 
not in a position to say definitely why, for instance, longer horns 
should 1,e better for one sl)ecies than for another, and yet we do 
not lelieve that the structure of snails is less well adapted to the 
life of each species than that of any other animals. The sna, il's 
structure is certainly built up of hundreds and thousands of adapta- 
tions, like that of every other anilnal species, 1,ut while iu many 
others we can, at least in part, recognize the adaptations as such. 
we cammt do so at all in regard to the snail. Simroth has pointed 
out that, the spiral asymmetrical shell 1,ears a relation to the one- 
sided opening of the genital organs, but that only states the general 
reason for the coiling of the shell. In studying the differences in the 
shell one is apt to think of its external appearance alone, of the pro- 
tection which it aflbrds to the soft internal organs of the easily 
wounded animal; perhaps also of the distribution of weight, which 
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must 1,e different in a. high tower-like structure and a low flat spiral : 
possil,ly, oo, of the varied abstaclcs and resistance the snail has 
encounter in creeping into clefts and holes, or amoug a tangle 
plants, according o the 5rm of its shell; l_,u is it not also conceival,le 
that the form of the shell has 1,een determined l,y its contents? As 
Rud(,lph Leuekart taught, the snail lllll 3" l,e regarded as composed 
of two parts, one of which is 5n'm.d l,y the' h,a,1 and foot, the other 
1,y the so-called' visceral sac': t.hc f,)rmer may l,e called hc animal 
half, Iecause it chiefly contains the (l(mtitmtt$ or'ans--the ner'e- 
cent.res, ahnst fhe whole mass of muscle, and the sense-organs; 
(he latter the vegetative half, since it contains the main mass o[ the 
nutritive and reproductive systems--the stomach and intestine, the 
large liver, the heart, the kidneys, the reproductive organs, and so 
The vegetative half of (.he animd is always concealed within the 
shell; wouhl nt therefore any great variation in the size of liver, 
sb)mach, intestine, and so (m, 1,ring wih it a variation in the size 
and form of the shell, as well as in the expansion or contraction 
of its coils? And might not such variations become necessa T 
l,ecause ot' some chane in the food-supply? It is only a supposition, 
i,ut it seems to me very prol,al,le that 1,ecoming accustomed to a new 
diet, less easily broken up and dissolved and of diminished nutritive 
value, would cause modification not only of the radula and jaw-plate, 
but also of the stomach and the liver, the intestine and the kidneys, 
whose activity is closely associated. The stomach must become more 
voluminous, the liver which yields the digestive fluid must 1,ecome 
more massive, and so forth. I will no 5)llow this hypothethical 
example further, for I merely wished to recall (le fact ha the snail 
shell, to the form of which no I,iological significance can le commonly 
attril,uted, is actually a sort of external cast of the visceral sac, and 
consequently dependen on the variations to which that is liable in 
accordance with the conditions of its life. To give precise proofs 
for such processes is certainly not yet possible, for we do not even 
know wih certainty what the diet of fhe various species of snail 
iS, uch less he (liflrece between the modes of nutrition in two 
varieties, or the nutritive value of (le materials used. or he 
changes in secretion, absorption, assimilation, and excretion which 
must be ],rought about ],y these differences. But we can at least 
see that variations in nutrition must be enouffh in themselves to 
give rise to new adaptations in the size, constitution, and mutual 
adaptation of the internal vegetative organs, and we cannot overlook 
the possibility that the form and size of the vegetative half, and 
therefore the form and size of its secretion, the shell, may also be 
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organism: it exists tt ,'ve T pert,,,1 ,,f its life, from the germ till 
death, an,1 what it 1,rings al,out is ,luite as inevital,le as vhat is 
evoked through adaptation 1,y memos or persmal selection. 
We cn thus also understand t]mt indifferent characters may 
be contained not only it individual ids of the germ-plasln, but lso 
coincidcutally in a grvat mkority of them, as soon as wv fhink of them 
as dependent upon the clmracters cstal,lished tin'ough personal selec- 
bion, for fhese must lc ccmtain(.d in r majority of the i,ls. 
But therv is still another reas, m why indiflbrent characters should 
beCOme stai,lc, and that is fhc cflk'ct )f gelmral variational influences 
on all tle in,livi,luals )f a species, as, for instance, in many climatic 
varieties, and prol,al,ly lso in many cultivted wrieties. 
tlut even when we have fully recognized that. t'rmt the arcaua of 
the germ-1)lasm , new minimal variatims arc cmtimmlly cropping up, 
which re biologically in,lifli_'rent. ;u,l nevertheless lecome variationa! 
tendencies, and may incl'etsc even to he extent of causing t,lible 
difli.rcnccs, md tlmt thercfure va.rietics ,f smdls or of 1,utterflics, or 
of my auimd or plant whatever, may originate through germinal 
selection alone, it cammt for a moment he supposed that the fmsmu- 
{.ation of species ,lcpcn, ls upm fhis process exclusively or even 
prcpondcrmfly. This was Niigeli's mistake, and that of his followers 
as well. fhat he scrii,.,1 to his ' princil)le of perfecfing' the essential 
l'Slc ll directing the wlude lnOVCment of evolufion, while the general 
structure of all species shows us that they are, so to speak, built up of 
adaptations. But a, lapt;rtions could not leor could only be fortui- 
tously and exceptionally--the (li,'e't result of an internal power of 
development, since the very essence of adaptational changes is that they 
are variations which lring fhe organism into harmony with the 
conditions r,f its life. We are therefore forced either fo underestimate 
greatly the part 1)lye, l 1,y a,1;q)fation in every orgmisman, l that is 
what Ngeli di,lw o leave the standpoint of naturl science 
altogefher, and assume a franscen, lental force which varied and 
adapted the species of arganisms pq'g l,(ttt with tim chang'es in the 
conditions of life during fhe geological evolution ()f our earfh. This 
would be a sort of pre-established harlnony, through which the two 
clocks of evolution--that of the earth and that of organismskept 
exact time, although they had quite diflhrent and independent works  
But {hat the determining significance of adaptations in organic 
forms is un,levstimated even now is evidelmCd 1,y fhe continually 
repeated stttement that species difl[.r, not in their adaptive characte:s. 
but in purely morphological charters, whereas it is ol,vious that 
we are far from being able to estimafe the functions of a part 
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;t class ,)f mSmals than feathers arc of i,irds ? They a.lone are. 
enough to distinguish the class fronl all other living classes; an 
animal with feathers can now be nothing 1,ut a 1,ird, and yet the 
feather is a skin-structure which has ariseu through adaptation, 
a reptilian scale which has 1,een so transformed tha an organ 
of flight eoul,1 develop from its anterior extremity. We find it thus 
even in the two imprcssi,ms ,)f the primitive 1,ird Arcb,eqtery.,', 
which have lcen preserved for us in the Solenhofen slate since the 
.]urassie period in the history of the earth. And into what detail 
does adaptation g'o in the case )f {he feathers Is not the wh,)le 
sLruct.ure, xvith its quill, slmft, and wine, precisely adapted to its 
function, although that is purely passive? What I have .ist said 
()f the whole class )f Birds h[)hls true for this individual structure, 
the featler ; everything al,out it, is a&ptation, aud indeed illustrates 
a, laptation iu two dir'ctions, for in the firs{ place the feathers, hy 
spreading  1,total, light, mr,! yet rcsistanL surface with which to leat 
the air, act ts )rgans f flight, wlSle they are also the most eflbctive 
warmth-retaining covering conceiwlde. In loth these directions 
their achicv,.ments 1,order on the marvellous. I need only recall the 
most recent discovery in this ,hmmin, the proof recently given 1,y the 
Viennese physiologist, Sigmund Exner, that the feathers become 
positively electric in their superficial layer, md negatively elec{ric 
in their deeper layer, whenever they rub against one another and 
strike the air. But they are rul,hed whenever the bird flies or moves, 
and the consclucnce of the contnsL in the electric charging of Lhe 
two layers is that the covering feathers are closely pposed over the 
down-feathers, hile, m t.he other hand, the similar charging of the 
down-feathers makes them mutuMly repel each )ther. wiLh the result 
that a layer of air is retained between them, and thus there is 
letween the skin and the covering feathers a loose thicket of feathers 
unif,rmly pen,,tratcd l,y Mthe most eflbctive warmth-preserver 
imtginal,le. The electric clmracters of the feathers--and the same is 
true of the hairs of animals-are thus not indiflbrenL characters, but 
with an appreciable biological importance, au,l the same is true of the 
ahnost microscopical series of little booklets which attach the barbs 
of the covering feathers to one another, and thus form a relatively 
firm but excee, lingly ]igh{ wing-surface which oflhrs a strong resist- 
ance to the air. But as we musL regard these booklets as a, laptations, 
so must we also regard the electrical charact,.rs of the feathers, and 
we must think [)f them as having arisen thrmgh natural selection, as 
Exner himself has insisted. 
If we are able to recognize all the more prolninenL features 
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of the organization in Cetaceans md Birds as due to adaptation, we 
must conclude that, in the rest of the great groups of the animal 
kingdom, the maiu and essential parts of the structure arc a, lapations 
to the conditions of life, even although the relations lctween external 
circumstances an,1 inh,rnal organization are not so readily recognizalde. 
For if there were an internal evolutionary force at all, we should 
l,e aide to recognize its q)erati(m in the origin (f tl,c races of Ceta- 
cea.ns aml Birds; 1,ut if there lc no such power, then even in cases 
where the couditious of life are not so conspicuously divergent as 
(.etacen.' and Birds, we mUSt refer the t.ypical structure of the group 
t adaptation. Thus everything" about organisms depends Ul)m 
adaptation, not only the main features ot' the organization, l,ut the 
little details in as far as they possess selection-value; it is only what 
lies I,elow this level that is dctcruinc,1 1,y internal factors ahmc, 
I,y gcrmimtl selection," l,ut this is mt an i,,pcrative force in the 
sense i, which the turin is used l W Niigcli and his successors, for it 
capaldc )f 1,cing guided ; it (h)cs not necessarily lead to an invarial,le 
and ln'ed'terminel 'oal. 1,ut it can 1,c directed according to circum- 
stances into many diflbrent paths. But it is 1)reciely this that 
constitutes the main problem of the evolutio,, theory--how develop- 
meier due to intenal causes cau, at tl, sam, time. lwing 
adaptation to extcrmd circumstances. 
This lecture had lccn tranrilcd s far, and was ready for the 
press, when I received the first volume of a new work by De Vries, 
in which that distinguished l,otauist dcvch,ps new views in regard to 
the transformation of species, 1,ase,1 upon mmmrous experiments, 
carried on for many years l the variation of plants. As not only 
his views, lut the interesting facts he sets fortl,, seem to contradict 
the conclusions as to the transmutation t" organisms which I have 
been endevouring to estaldish, I cannot refrain from saying 
thing on the sui@ct. 
De Vries does not lelieve that the transformation of species can 
depend on the cumulative summation of mimte 'in,lividual' varia- 
tions; he distinguishes between "variatims' and 'mutations,' and 
attrilutes only to the latter the power of changing the character 
ot"  species. He regards the former as mere fluctuating deviations 
which may 1,e increased by artificial selection, and may even, with 
difficulty, if carefully and purely bred for a long period. 1,e made 
use of to give character to a new 1,reed, 1,ut which play no part at all 
in the ntural course of phylogeny. As regards phylogeny, he main- 
rains that only 'mutations' hve any iufluence, that is, the larger 
or smaller saltato T variatious which cvp up suddenly and which 
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a leaf-adaptation, for there would still 1,e wanting the instinct which 
compels the butterfly, when it settles down, to hold the wings in such 
a posiLion that the two pictures ou the aterior and posLerior vings. 
fit into each other. Correlated mutations of the nervous system 
suited to this end are rclui'cd , but that is too much to atLril)ute t 
happy chance! The same holds true i regard to the whole leaf- 
picture on the two wings, for it eouhl not possil,ly have arisen as a whole 
by a sudden mutati,lt. The whole litany of oliections which have 
been urged th'oughou sevcl'l decades against the Darwin-Wallace 
thco 3" of mttural selection, which were based on the improbal,ility 
tha clmcc vritions not in  definite direction shouhl yield suitable 
mte'id fo" the necess,ry adtl)tations, ma)" le urg'ed much more 
strongly against mutations, which nmkc their ppcarance i much 
snmller numl,c's m,l with less diversity. 
But i is--as we have drcady see--iu t'egard to the necessity 
which exists almost everywhere tbr the co-a,lptatiou of numerous 
variations of the most (liflk.x.nt parts, tha the' mutation theo3" ' breaks 
down utterly. The kaleidoscopic picture, the mutation, is implicit 
from the first, and must be accepted or rejected just as it is in the 
stru(<,'lc f)" existece; l)ut harmoni,)us adal>tatio reluires a gradual, 
simultaneous, or successive purposive variaLiou of all the parts con- 
cerncd, and this can be sccurc, l <)nly t.h'()ugh the fluctutig variations 
xvhich arc always occurring, and are imrcased I,y germinal selection 
and guided l 3, personal selccti)n. 
)Iauy nLuralists, and especially many botanists, reg'ard adapta- 
tion as something secondary, something given to species by the way, 
to improve the conditions of their existece, bu not aflctig their 
nature--comparable perh;ps to the clothig worn 1,y man to protect 
himself from cold; bu that is hardly the real state of the lnatter. 
The deep-sea exl)editiou conducted ly Chun in 898 and 899 
made many iteresting disc)veries iu regard to animals living iu the 
depths of the ocean, all of which exhilit 1)eculiar adaptations to 
the special conditions of their life, aml especially to the darkness of 
the great depths. One of the most striking of these discoveries was 
that of the luminous organs which are fomd not in all but in a grea 
many animals living on the bottom of the alyssal area, and also among 
the animals occurring at various levels al)ove the floor of the abyss. 
These are sometimes glamls which secrete a luminous substance, but 
sometimes complex organs,' lanterns' which a controlled by the will of 
the animal, and suddenly evolve a leam of light and pject it in 
a particular direction, like an electric searchlight. These organs have 
a most complex structure, composed of nerves and lenses, which focus 
II. Y 
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If the horns of the Peridiuem grow to twelve times the usual 
length in adaptation to life in sea-wter with n salinity increased to 
the extent of -co2 per cent., then undoul,tedly not only the proto- 
plasmic particles of the body which form the horns, ],ut all the rest 
as well, may be capable of adaptation ; and if the l'eridiium proto- 
plasm has this power of adapting itself to the external conditions, 
then the capacity for adaptation must 1,e 
all unieelhflar organisms, or rather of all living substance. As will 
],e seen later on, we shall 1,e broug'ht to the same conclusion by 
diflbrent lines of evidence. But a reeog'uition of this must g'reatly 
restrict the sphere of operation which we can attril,ute to saltatory 
mutations iu the sense in which the tern, is used ]y l)e Vries, for 
adaptations from their very uature cannot arise suddenly, but must 
originate gradually and step 1,y sep, from ' variations' which com- 
bine with one an,ther in a definite direction under the influence 
of the indirect, tlmt is, selccti e influence of the conditions. 
According" to the theory of De Vries it seems as if 'variations,' 
aug'lnented l,y selection, couhl never become constant, and that even 
the clog'tee to which they can be augmented is very limited. As far 
as this last point is concerned, De Vries seems to me to overlook the 
fact that every increase in a character must have limits set by the 
harmony of the parts, which caunot 1,e exceeded uuless other pa.s 
are being varied at the Salne time. Artificial selection, in fact, 
in many cases reaches a limit which it cammt pass, because it has 
no control over the unknown other parts which ought to be varied, 
in order that the character desired may 1,e increased still further. 
Natural selection would in many cases be able to accomplish this, 
provided that the variatiou is useful. But of what use is it to the 
beetroot when its sugar-coutent is doul.led, or to the Anderbeck 
oats to le highly prized by man? And yet in,my individual 
characters have been vel T considerably increased in dmesticated 
animals l,y selection : of these we need Olfly call to lniml the Japanese 
cock with tail-feathers twelve feet long. 
But undoubtedly these artificial variations do not usually ' l.reed 
true' in the sense that De Vries's mutations of wthera 
did, that is to sy, they ouly transmit their characters in purity with 
the continual co-operatiou of artificial selection. This at least appem:s 
to be the case, according to De Vries, iu the ennol,led cereal races, 
which, if cultivated in quantities, rapidly degenerate. In many 
animal breeds, however, this is not the case to the same degree ; many, 
indeed the majority, of the most distinct races of pigeon breed true, 
and only degenerate when they are crossed with others. 
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De Vries regards it as a mistake to believe that artificial selection, 
persevered in for a long time, will succeed in 1)r,),lueing a breed which 
will--as hc exlnsses it- be indcl)cndcnt of fhrhcr selection and will 
maintain itself in purity. Expcrience cmmot decide this, as we have 
not command over t.hc unlimited tinm neeessm T for selection, bu 
theoretically it is quite intclligilde that a vari;ttion which had arisen 
through selection w)uld l,e more al)t to 1,tee,1 true the longer selection 
was practised, and there is nothing" to prevent it 1,eeoming ultimately 
quite as constant as  natm'al species. For, at the beginning 
lweeding, we must assume that the wu'iation is contained in only 
 small nmnl,er of ids: as the numlcr of g'eneraions mounts up, more 
and more mnncrous ids with this wu'iaLion will go o make up the 
germ-1)lasm, and the more the l,rced-ids preponderate the less likcli- 
hoo(l will there lc that a rcversim o the parent-form will I,e 1,rought 
about by the chances ()f reducing-division and mnl,hinixis. That 
most if n)t all 1,reeds of ligt.m still eotai ids of the mmest.ral 
in the gcrm-plasm, although prol,al,ly ody a small mmd,er of them, 
we see from the occasional reversion o the rock-dove which occurs 
when species are repeatedly crossed, but that aneestrM ids nmy also 
1,e e(mtaincd in the gcrm-plasm of hmg-estal,lished natural species is 
shown ],y the occurrence of zcl,ra-striping in horse-hylwids. We can 
understand hy these ancestral ids sh()uhl not lmve l,een removed 
long ago from the gcrm-plasm 1)y natural selection, since they are noL 
injurious and may remain, so to speak, undetected. It is only when 
they have an injurious efl)et by endangering the purity of the 
new species-type that they can and nms Ie eliminated by natural 
selection, and this does not cease to operate, as the human 1,feeder does, 
lut continues without pause or break. 
I therefore regard it as a mistake on the part of De Vries to 
exclude fluctuating variation from a share in the transfornmtion of 
orgmisms. Indeed, I ],elieve that it plays the largest part, 1,eeause 
adaptations cannot arise from mutations, or can only do so ex- 
ceptionally, and 1,ceause whole families, orders, and even classes are 
1,med on adaptations, especially as regards their chief characters. 
I need only recall the various funilies of parasitic Crustaceans, the 
Cetaceans, the birds, and the bats. None of these groups can have 
arisen through saltato, perhaps even retrogressive, ' nmtation'" they 
can only have arisen through variation in a definite direction, which 
we can think of only as due to the selection of the fluctuations of the 
determinants of the germ-plasm which are continually presenting 
themselves. 
The difference 1,etwcen ' fluctuating' variahility and" mutation" 
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have to adapt thelnselves lllay lie thought of as the distant goal, 
and the processes in the gel'ln-plasm which give rise to variation in 
a definite direction may be compared to llUlllel'OUS ]lUlllau beings 
scattered irregularly over the surface of the snow. If the sleigh 
receives from one of these a push which clumccs to lc in the direction 
of the goal, it rushes on towards this a,,l ultimately reaches it if the 
person pushil,g continues t() push in the sa,c lirection. So far, t.lmu, 
it seems as if t.he tl'ansfovmati)n of the part e,neel'ne,1 depended upon 
gerulinal seh.cti)n ah)lC, 1,(it we nust ll() Forget t.lmt the gel'ln-plasln 
does not COltfain only one defel-minanL for every part of fhe body, 1,ut 
as lnany dcfcrlninants as there are ils. Vc must therefore increase 
the llUnller of wllr sleighs, and now it is obvious that the pushers of 
the sleighs, that is, germinal selection, lna.y push one sleigh n toward 
the goal, 1,ut others in the opposite or in any other ,livcctin. I1" we 
assume that all tlc sleighs which have tak(.n r  r)ng direction must 
reach d;tngev(us grun,_l, aml ultimately lhmgc into 
tlm from a neigll,,)uring poin sleighs were 1,eing disl,tched to 
replace all that came ( grief, that these in their turn might attempt 
t reach the goal, it ould ultimately c,)me al,out tha the requisite 
number of sleighs would arrive at [he galtha is to say, tha the 
new adal)tation would 1,e attained. 
The alysses l'elt'escnf the elimination of the less favoural,le 
variational tendencies, an[ the constant replacing of sleighs represents 
the intermingling of fresh ils through alnphimixis. If all the sleighs 
run in the wrong direction they all come to grief, that is, the individual 
concerned is climinate, l with all the ids of its germ-plaslnit dis- 
appears altogether from the ranks of flc species. But if only 
a portion of them run in the right direction, care is takeu that in 
following generations, that is, in the contimmtion of the sleigh-race, 
fills portion combines with those of another group which are also 
running in he righ direction--that is, with the half llulnl)er o[ i, ls 
fl'oln another germ-plasln in amphimixis. 
I is not possible to follow the analog T further, l,ut perhaps 
may serve to illustrate how germinal selection may bc the only 
ilupelling frce in the organisms, an[ yet only a small part of its 
results are determined ],y itself, and 1,y far the la'er par by external 
Colldiions. We understand how a wu'iation in a definite direction 
can exist, and ye it is not that which creates species, geneva, orders, 
and classes: it is file selection and combination of the variational 
tendencies by the conditions of life, which occurs at every step. There 
was no variaLional femlency leading from terrestrial mammals to 
Cetaceans, 1}ut there was a variational tendency moving the nostrils 
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upwards towards the forehead, the hind-limbs towards diminution, 
the lungs towards lengthening, the tail vards l:,l'oadeling out. But 
eaeh of these vwiafional tcndeneies was always only one of several 
possil,ilities, and tlntt the parfieular path whieh led to,yards the 
'goal' was f)llowe, l was due to the faet that the others plunged into 
the alyss t() which the wrong ptths led, that is to stty, they were 
weeded out 1,y selection. Thus germinal selection oflhrs a possildlity 
of reconciliation 1,eween Nggeli's and I)a.rwin's iuerpreations, which 
seem so directly eontrmlietory; for Ore former referred eve3"thing 
to he hylothesis of an internal evolutionary foree, the laer rejeeed 
this, and regarded natural seleetion as the main, if not the exelusive 
factor in evoluiou. The internal struggles for food, which we have 
assumed as oeem'ring iu he germ-plasm, represent au iuternal foree, 
thouRh not in the sense of Nggeli, who hought of determining 
influeuee operative from first o last, bu sill ma impelling force, 
which determines the direetion of variation for the individual deter- 
minants, and mus herefore ,lo he same for the whole evolution 
Ul) to a eert.ain point; for it is only the po.,il, le variations of he 
,leterminans in a germ- 1(, )lasm whieh ean 1,e chosen, selected, eomldued, 
and inereased by natural seleeion, a.nd every germ-plasm eamm give 
rise to all sorLs of variations; the determinants eontained in i eon- 
dition what is possilde and what. is no, an, l his is an important 
limiat.ion to the eNeaey of natural seleetion, and o t certain extent 
also implies  guiding and determining power on the part of he 
internal mainspring, o wi, gee'missal 'ele(tlo. 
The essentitd di)renee between Darwin's view of the trans- 
formation of forms and my own lies in the fae tha Darwin conceived 
of naUl-al seleeion as working only wih variations whieh re no 
only due o ehanec hemselves, bu he intensifieation of whieh also 
depends in its turn solely upon natural seleefion, while, aeeording 
to my view, natural selection works with variational tendeneies whieh 
1.eeome iutensified through internal eauses, and are simply aeeunmlaed 
1,y natural selection in an ever-growing majority of ids in a g'erm- 
plasm through the selection of individuals. 
This afibets our viexv of he establishmen of a speeifie ype 
in so far that my intra-germinal variatioual en,leneies are no 
neeessarily, and no always due to chance, though they are so in mos 
eases. If eerain determinants are impelled to va W in a partieular 
direetion through elimatie or any oher iufluenees, as we have seen 
o be the ease, for instanee, with the elimatie varieties of many 
Lepidoptera, then t.he eorresponding determinants in all the individuals 
nms vary in the same direetion, and lms all he individuals of he 
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to the continued selection of the fittest. We require no further principle 
of explamttion for the estal,lishment of a specific type. 
This 'type' is thus not reached by any indefinite varying of 
tle parent form iu all directions, 1,ut iu general it is reached hy tle 
mos direc aud shortest way. The parent form must indeed have 
I,ecome o some exen fluctuating, since not only fle val'iaional 
tendencies ' aimilg a he goal,' 1,ut others as well, must have emerged 
in the gel'l-l)lasm " l_,u gradually these others would occur less and less 
fl.eluent, ly , lcing always weeded out afresh 1,y selection, until 
great miority of the in, lividuals wouhl follow fle same path of 
evolution, under the guidance of germinal selection, which COllillUeS 
tO work in the direction that has once 1,een taken. After a short 
period of variation, which need not, of course, involve the whole 
Ol'galiiSm, 1,u may refer only to certain prts of it, a steady direct pro- 
g'ess il the direction ,)f the 'goal,' that is, of perfect a,laptafiou, will set 
in, as we have seen iu the case of fle Pleo'b; slmils of Steinheilu. 
We must n(,t forget, however, that natural selection works 
essentially upon a basis of sexual reproduction, which with its reduc- 
tion ()f the ids and is continually repeated lnilgling of germ-plasms, 
COlnl,incs the existing variational tendencies, and fires diflhses them 
more all(] lllO'e uniformly among the individuals of a whole area 
of occupation. Sexual reproduction, continual intermingling of the 
individuals selected for 1,reeding, is thus a very effective and iml)ortalt , 
if not an indispensal,le, factor in the evolution of the specific type. 
But it is not only in the case of species transformafiOlm due 
to new adaptations that sexual mingling operates; it does so also 
iu fle cse of variations due to purely intra-gerlninal causes. We 
have already seen in discussing Isolation that isolated colonies may 
come to have  peculiar character somewhat difil'ent from flint of the 
parent forln, because t.hey were dolninated by some gerluilml variational 
tendency which occurred only rarely in the home of tim parent form, 
nd therefore never found expression there. On tle isolated area 
this would indeed be mingled wifl the rest of tim existing germinal 
wriatioual tendencies, but the l'esult of this mingling wouhl be 
difibrent, and the ful'flmr development of the tendency ill question 
would probably not be suppressed. 
We need not wonder, therefore, that specific types occur iu such 
varying degrees of definiteness. If a species is distributed over 
a wide connected territory, sporadically, not uniforluly, it will depend 
partly upoll the mutual degree of isolation of the sporadic areas 
whefler the individual colonies will exhibit the same specific type 
()1" will diverge from one another. If fle animal in (lUeStiOl is a slow- 
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long as they are contained in the germ-plasm in considerable numbers, 
but they nmst lecome more and more infrequent in the germ-plasm 
as successive generations arc passed through the sieve of natural 
selection, and the oftener these germ-plasms, to which the chances 
of reduchg dvision and amphimixis have assigned a majority of 
the old determinants, are expelled from the ranks of the species 
by personal selection. The oftener ths has occurred in a species 
the less frequently will it recur, a,d the more constant, ceteris 2.ribus, 
will the 'type' of he species lecome. 
If we add o this idea Oe fact that adaptations take place very 
slowly, and that every variation of le germ-plasm in an appropriate 
directiou has time to spread over countless hosts of individmds, we 
gain some idea of the way in which new adaptations gradually 1,ring 
about the evolution of a more and more sharply-defined sl)ecfic type. 
So far, however, we hve only explained the morphological 
aspect of the prol.lcm (d" the nature of species, but there is also 
a physiological side, and for a long time this played au important 
1)art in the definition of the conception of species. Until the time 
of Darwin it was regar, led as certain that Sl)ecics do not intermingle 
in the natural state, and that, though they couhl be crossed in rre 
cases, the progeny wouhl le infertile. 
Although we now know that these statements are only relatively 
correct, and that in particular there are many higher plants which 
yield perfectly fertile hybrids, it is nevertheless a striking phenomenon 
that among the higher animals, mammals, and birds the ohl law 
hohls good, and hybrids ]etween two species are very rarely fertile. 
The two products of crossing 1,etweeu the horse and the ass, the mule 
and the himw, are never fertile i, let se, and very rarely with a member 
of the parent stock. 
We have to ask, therefore, what is the reason of this mutual 
sterility of species; whether it is  necessary outcome of the morpho- 
logical differences between the species, or only a clmnce accessory 
phenomenon, or perlmps an absolutely necessary prelilninal T condition 
to the establishment of species. 
The last was the view held by Romanes. He believed that 
a species could ouly divide into two when it was separated into 
isolated groups either geographically or physiologically, that is, when 
sexual segregation in some form is established within the species, 
so that all the individuals can uo longer pair with one another, but 
groups arise which are mutually sterile. It is only subsequently, he 
maintained, that these groups come to differ from one another in 
structure. To this hypothetical process he gave the nme of 'physio- 
II. Z 
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logical selection.' This view depends--it seems to me--upon an 
underestimate of the power of natural selection. Romanes believed 
that when  species [,egan to split up, even the daptive variations 
wouhl always disappear again because of the continual crossing, 
and that only geographical isolation or sexual alienation, that is, 
physiological selection, would 1,e able to prevent this. But even 
the fact that there are dimorphic and polymorphic species pvves 
suciently that adaptation to two or even several sets of conditions 
can go on on the same area. In many ants we find many kinds 
of individualsthe two sexual forms, the workers, and the soldiers, 
an,l these last are undoubtedly ,listinguished l,y adaptive characters 
which nmst ],e referd to selection. The same is tae of the 
caterpillars, whose coloration is adapted to their surroundings 
in two diflbrent ways. If the individuals of one and the same 
species can 1,e 1,roken up into two or more different forms and 
coml,inations of adaptations, while they are mingling uninterrupte,lly 
with one another, natural selection must undoubtedly 1,e able, 
notwithstanding the continual intermingling of divergent types, to 
discriminate between them and to separate them sharply fm one 
another. Assuredly then a species can not only exhibit uniform 
variation on a single area, but may also split up into two without 
the aid of 1)hysiological lection. Theoretically it is indisputable 
that of two varieties which are both equally well suited to the 
struggle for existence, a mixed form arising through crossing amy 
not be able to survive. Let us recall, for instance, the caterpillars, 
of which some individuals are gen and some brown, and let us 
assume that the brown colour is as eflhctive a protection as the 
green, then the two fonns would occur with equal frequency; but 
though a mixed hybrid form which was adapted neither to the green 
leaves nor to the brown might occasionally crop up, it would ahvays 
be eliminad. It would occur because the butterflies themselves are 
alike, whether they owe their origin to greeu caterpillars or to 1,rown, 
and hus at first, at least, all sexual comlinations wouhl be equally 
probable. 
I do not believe therefore in a 'physiological selection,' in 
Rolnanes's nse, as an indispensal)le prelimina T condition to the 
splitting of species, but it is a different question whether the mutual 
sterility so frequently observable between species has not conversely 
been produced by natural selection in order to facilitate the separation 
of incipient species. For there can be no ,loubt that the process of 
separating two new forms, or .even of separating one new forln froln 
an old one, would be remlered materially easier if sexual antipathy or 
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diminished fertility of le crossings could 1,e established simultaneously 
wih he oher wriafions. This would 1,e useful, since pure and 
well-defined variations wouhl le 1,eer adapted o heir life-conditions 
than hyl,rids, and would become increasingly so in Lhe course of 
generations. Bu as soon as i is useful i n,us aeuMly come about, 
if that is possillc at all. I may ]e, however, as we have said before, 
tha the wo divcr'en forms dCl)end merely upon quantitative 
variations of le already existing characters; sexual atraetion, 
whether i depemls upon very ,lclieae chemical substmlees, or on 
odours, or on mutual complementary tensions unknown o us, will 
always fluctuate upwards and downwards, and plus or minus deter- 
minans, which lie a the ro( of hcse uuknown characters in 
he germ-plasm, must eontimmlly present thenselves and form the 
sarting-point for selcetim-proeesscs of  germinal and personal 
kind, which may 1,ring al,out sexual antipathy and mutual serility 
between the varieties. I therefore consider Romancs's idea eorree 
iu so far tha separation letween species is in many cases accompanied 
l)y increasing sexual antipathy an,l mutual sterility. While gomanes 
supposed tha ' natural selection eouhl il no ease have beeu the 
cause' of he sterility, I believe, on he eontntry, t.ha it could only 
have 1,een produced 1,y natural selection; i arises simply, as all 
adaptations do, through personal selection ou a lasis of germinM 
selection, mM i is no a preliminm 3- condition of the separation 
of species, 1)u an adaptation for the purpose of mking as pure 
md elem a separation as possible. I is ol,viously an advantage 
for both he divergent tendencies of variation tha they should 
intermingle as little as possible. This is eonvborated by the fact 
that ly no means all the marked divergcuees of species are accom- 
panied 1,y sexual alienation, aud ]mt the mutual sterilit.y so frequently 
seen is no an inevital,le aeeolnpanimen of differences in he res 
of the organism. 
Tha this is no the case is very clearly proved 1,y our domesti- 
cated animals. The difl)renees in struetm'e lcween the various Ireeds 
of pigeon and poultry re very gret, mM breeds of dog also divec 
from one another very markedly, esl)eeially in shape and size of 
body. Ye M1 these are fertile wifl one moher, and they yield 
fertile offspring. But they are products of artificial selection by 
man, and he has no ineres in making hem mutually serile, so 
la they have no 1,een selected with a view o sexual alienation, 
l,u in reference o the ofler eharaeem. The segregation of animal 
species into several sub-species on he same area is probal)ly usually 
teeompanied by sexual antipathy, since in his case it would be 
Z2 
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That a horse should grov vings is beyond the limits of the 
possibilities of equine vtrittion--therc are no determinants which 
couM present vriations directed towaMs this goal; but tlmt any 
multicelhflar animal which lives in the light shouhl develop eyes lies 
within the vuriatiomd possibilities of its ectoderm determinauts, and 
in point of fact almost all such animals do possess eyes, and eyes, too, 
whose functional capacity m W le increased in any direction, and 
vhich arc a.laptalle and m()dififl de in any manner in accorduuce with 
the re,luiremcnts of the case. As soon as the determinants of the 
most primitive eye cu,e into existence, they formed the fuudamental 
material ly whose plus-or minus-variations all the marvellous eye 
structures might 1,e brought about, which we find iu the difl,l'ent 
groups of the Mctazon, from a mere spot sensitive to light to a 
shadowy perception of  moving body, and from that again to the 
distinct rec)gnition of a clear image, which we are alval'c of in our 
own eyes. And what wonderful special adaptations of the eye to 
near and to distant vision, to visiol in the dusk and t night, or in 
the great oceau-del)ths , to recognition of mere movement or the 
focussing of  clear image, huve been interpolted iu the course of 
this evolution  
All such aduptations are possible, 1,ecause they can proceed 
from variations of determinants which are in existence: and in the 
same way it is possilde, ut every stage of the evolution of orgnisms, 
for eyes to degenerate again, whether they have been high up or low 
down in the scale of gradations of this perhaps the most delicate 
of all our sense-oans. As on as  species migrated permanently 
from the light into perfect darkness its eyes began to degenerate. 
We know blind fiat worms, l,lind water-fleas and Isopods, ulso 1)lind 
insects nd higher Crustaceans, and even blind fishes aud alnphil)ians, 
the eyes of which arc now to be found at very diflhrent levels of 
degeneration, as Eigenmalm has recently shown iu regard to several 
species of cave-dwelling salamanders of the State of ()hio. In all 
these cases it is only necessary for the determinants of the eye to 
continue to va W in the minus direction, and the disappearance of the 
eye must be gradually brought about. 
We must picture upward development in quite a similar way. 
The forest butteies of the Tpics could not possibly [l have their 
under surfaces coloured like a leaf if he protective pattern depended 
solely upon the chance of a useful variation presenting itself. It 
always presented itself through the fluctuations of the determinants, 
and thus he appropriate colourings were not merely able to develop, 
but of necessity did so in gradually increasing perfection. If chance 
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remain a regiou of  x 5 =  o stretches upon which the influeuce of the 
non-varying regions would le without eflhet. There would therefore 
arise a new race in relation to the dmtion of the winter dress, and 
this would not cease abruptly, but would gradually pass over into the 
neighbouring regious, which however would be pure at their centre, 
just as is probably the ease in reality, if we regard B as any poiut iu 
the line of distribution from south to north. 
The harmony of the individuMs withiu a speeies will therefore 
depend iu parb upon the mingling of heredi5" primm3 constituents 
assoeiated with reproduetiou, 1,ut in greater part upon adaptation to 
the same conditions : it is a im il rity of adaltatio, and the stronges 
influence which sexual reproduction exerts lies not in the mingling 
of these he,lita T constituents alone, but ahove all in the re,luctiou 
in the germ-plasm of the two pareutal heredita W contributions 
a reduction which results from and through the sexual intermiugling. 
It is only this that prevents these primary constituents from vm3"ing 
at too uueluM a rate in the transformations of species, md causes 
them ultimately to reseml,le each other closely agaiu. 
But while mutuul sterility is not au absolutely necessary con- 
dition iu the separation of species, it would be goiug too far in the 
opposite direction to regard mutual fe$ility as something general, 
or to attribute to it a rSle in the origination of new species. 
Certain botanists, like Kerner yon Marilaun, regard the mingling 
of species as a means of forming new species with better adaptations; 
they suppose that fertile hybrids nmy, in certaiu circumstances, crowd 
out the pareut species, and themselves become new species. It will be 
admitted that such cases do occur, that, for insnce, in the north of 
Europe the hybrid betweeu the lrge and the snmll water-lily, 
3plur lutem and 3plr pumilum, to which the name Vpkar 
itermedium has been given, has driven both the pareut species from 
the field, because its seeds nmture earlier, and it is therefore l,etter 
adapted to the short vegetative period of the north, l,ut nevertheless 
we must maintain flint the evolution of species on the whole does not 
take place through hybridizatiou. Such cases are probably nothing 
more than rare exceptions. This is corroborated by the entire insig- 
nificance of hybridization in animals, among which species appear in 
the same way as they do in plants, mad where the mingling of two 
species occurs only sporadically and in a few species, never to any 
very great extent. 
If species are complexes of adaptations, based iu each case on 
the given physical constitutiou of the parent species, then we cau 
readily understand the fact that they are iu our experience not fixed 
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or etermd, but that they cha,gc in the c,ursc [ the earth's history. 
The mnncrous fossil remains in the varims strata of tl,e earth's crust 
pr,ve that tlds is true in a high degree, that in al,ost every one of 
the more important gchgical strata m.w species occur, and that not 
only species and genera, lint ['amilies, w, lcrs, indee, i wl,de classes of 
animals, wl,ich lived at one tiue, have mw c,mpletely disappeared 
fr,m the face of the earth. We can un, lcrstan,l this phenomenon 
when ve reflect that the co,litions ,,f ]i[',. haw also iecn sh,wly 
changing thr, mgh the curse of the cartl,'s hist,ry, so that the 
o1,1 species had only the alternative of ,lying out. or or" l,ecoming 
traust'ormc,l into ew species. 
But siml,h' as this conclusion is. it can har, lly l,e deduced xvith 
certainty from the occurrence and successi,,u ,f the fossil species 
ah,c. Fr instance, w,. shml,1 st,'ivc i vain t, recognize the cause 
which le,1 me ,,1' t]n>s, regularly arran/,.,1 smi]-specics of the 
St,.inlcim lake l,asiu to l,ec,,,,e transformc, I into one or two new 
species at a particular time. or t, fin, l the cause which moved those 
curious tripartite Crustacea.ns of prindtive times, the Trilobites, which 
pe<,ple, l the Silurian seas with such a wealth of forms, to become 
sud,lenly scarce t,wards the cn,l of the Silurian period, and to dis= 
appear alto/ctl,cr in the succeeding peri,l, tin: I)evnian. The 
famous gcoh>g'ist Neu,nayr sought to rc['cr this striking phenomenon 
t, the fact tl,at just at that time the t'eplml,l>o, ls, "the most formid- 
al,le and savage ,mrauders amain/ t]c invertel,rate marine fauna,' 
gained the ascen, hn,cy, and it is ,luite l>ossil,le that he was right 
in his surmise, 1,ut who is to l,r,ve it Can we dcci,le even in the 
case of animals now living whether the losses inflicted on a much 
persecuted species by an abundant and greedy persecutor exceed the 
numbers of progeny, aml are therefore ,h'iving the species gradually 
towards extermimttion? Prol,al,le as such a supposition al>pears , it 
camot be accepted as 1,ro'en. 
Since in many cases of the extinction [" great animal-groups we 
camnt even prove that there was a simultaems ascen,lancy of power- 
ful enemies, other factors must l,e discovered to which the apparently 
sudden disappearance may ],e attril,utc, l. Many naturalists have 
tried to guess at internal reasons for extinction, and have adopted the 
theoryassociated with the tendency to assume mystical principles of 
evolutionthat species in dying out are obeying" an internal necessity, 
as if their birth and death were predestined, as it is in the case of 
multicellular individuals, as if there were a pl,9iologic<d de(dh qf tlte 
.,2ecies as there is of the multicelhdar individual. 
Neumayr showed, however, that the facts of paheontology affor, l 
II. A a 
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of species to wry pcrsistcutly onwards, and to' become further and 
farther rem()vc, l from tlc primitive t,ype,' as has 1)con maintained, 
then such anci,nt md primitive Cel)lmlopo,l fro'ms like t, he 
species could not have persist,e,l mt, il now, 1,ut, lllUS{, long ago have 
Ieen fransmu0.d in{o higher fn'ms. The converse, however, is con- 
ceivable enougl, uamely, {hat the great nl}ts8 of {he species of a group 
such as the Naut.ilide were erowled mt 1,y superior riwtls in the 
struo'le for existence, lint that certain Sl)eeies were alde to survive 
,m specially protee{ed or of, herwise fvoured reas. We ]rex e  fine 
example of f, his in {he few still living' species of f, he of,herwise 
extinct class of Ganoid fishes. During the Primary and Secondary 
epochs these (an.)i,ls peq)le,1 all the seas, ].ut at (he bouuda D- 
I,etween the Crcf,aceous and th,, T,'r{in D" period the5" retrograded 
eonsi,leral,ly, simultane(msly with i]w g'reaf, levelol)ment o[ 
fisles or Teh,osteans, ud n(m" tlwy are ()ly relresented by a dozen 
species ,listril,ut,d over tlw end'{It, a.l In,)s{, of these are purely river 
forms, while the othm's t leasf, asemd f, he rivers during the spaxvning 
season fo secure the 8a['et,y Of t.lmir progeny. For the rivers are 
sheltere,l areas as eompred wi{h f,he seas, and large fishes like 
(anoids will 1,e al.le there f,o hold their own in f, he sf, rngle 
than they could iu f, he ineomparal,ly more ahundantly peopled sea. 
Thus I can only regard it as playing with ideas to speak of 
I,lossoming, standstill, decay, and death of species in any other than 
a figurative sense. Undoul,tedly the life of the species may 1,e 
compared with that of {he indivi, lual, an.i if {.he comparison be used 
mly to make eler the diflbrenee betweeu the emses of the two kinds 
of 1)henomena, there can be no ol!eef, ion to it, only we musf, 1.eware 
)f f.hinking we have explained anything we do no know 1,y eonTaring 
it with something else fhat is also unknown. 
We have already shown that {he natural death of multieellular 
organisms is a phenomenon which first made its al)pearauee wifh the 
separation of {le organism into somatic or lody cells an.l reproductive 
or germ cells, and fhaf, death is not an inevitalIc Nemesis of every life, 
for unicellular organisms do not necessarily die, though they may 
I,e killed by violence. These unicellular organisms have thus no 
natural death, and we lmve to explain its occurrence among multi- 
cellular organisms as an daptation to the cellular differentiation, 
which makes the unlimit, ed continuance of the life of the whole 
oganism unneeessa W aud purposeless, and even prejudicial o the 
continuance of the species. For the species it is enough if the germ- 
cells alone rein the potential innnortali(.y of the unieellulars, while, 
on the other haud, the high diflrentiation of the somatic cells neees- 
Aa 2 



358 TIlE EVOLUTI[}N TIIEORY 

and ntims ttuctuations 1,y means {}f which personal selection can 
{ q)crat, e. 
Bu of course i 'eluires a cm't.aiu ammnt, ,)f ime f,w this. an, l 
in he fae tlmt this time is often n,)t availalle lies, I think, the 
reason why excessive dibrcntiati, ms ]rove (,fen led to the extinction 
of a species, no 1,ecause tile increase ,f the excessive orgal 
go on i'resistildy, l,ut 1,eeause changes in the conditions have ma, le 
the exul,erant m'g'm inappropriate, and it eouhl not degenerate quickly 
enough to sve the species from extinction. 
Brandes has reecnt.ly 'iven a I,eautiful illustrati,m of this ly 
assoeiat.ing {he exist.enee (ff the remarkable saln'e-t,[>the,l tigers 
wih en(rm(,usly l,,ng cminc tee{h, which lived in the 
Diluvial l>eri(,1 in S,)uth America, with the gigantic Armadillos which 
livel there at the same time, wh)se l,ony amnature two yards 
height now excites ore" a, hniration. }te rightly l,(,its ou that 
dentition of M(t,'l,,ti,'<,,lt, ,eo],ca is 1 b" no means a typically perfect 
,h.ntition 'o"  ]eas o[' prey, like that of the In,lian tiger or the lion : 
as far as incisors and m(,lars are eoneernc,l it xvs much less effective 
tlmn tlmt of these l)re&toT animals, aml the great len2"h of the 
,ltgger-like flattened canines, which prot'ude,l far l,eyond the mouth, 
entirely preven{ed the bringing together of the teeth of t.he upl)c" an, l 
lower jaxv after the fashion of a pair of pincers. He rightly inR:rs 
from this that this dentition was adapted to ( spceiulized mode )f 
mtriion, an,l he 'ear, ls the great mailed Arma, lillos, such as 
three-yards-long heavy (ls'ptodont of the Pampas, as the victims into 
which they were wont t<) t]n'ust their sa},re-eeth in the region of the 
unproteete, l neck, an, I thus to master the almost invulne{'al de creature, 
which ws invincible as fu" as all other predatory animals were con- 
cerned. Thus the remarkable dentition is explained on the one hand, 
and on the other the amazing extent and hardness of the victim's 
coat of mail. Thus, too, we can understand why there should have 
been n. that time a whole series of eat-like animals with sabre-like 
teeth, in which the length and slmrpness of the teeth increased with 
the bodily size, for these 1)redatow animals corresponded to a wh,le 
series of Armadillos, whose size wts ineretsing, as was also the strength 
of their armour. 
Of course this interpretation is hypothci.ieal, but it. contains 
much internal probal0ilit, y, so that it may l,e taken a.s a gvod illustra- 
tion of the reciprocal inevase of adaptations letween two animal 
groups. We understand now why, on the one hand, this colossal 
tortoise-like armour shouhl have developed in a nmmmal, an, l, on the 
other hand. why these enormously long sabre-teeth sh(,uhl have 1)een 
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sense, as the fun,lamental cause of the lasting variations of or'anic 
forms. We can here distin'uish with certainty 1,etween the direct 
and the indirect cflbct of external influeuces, and ve see how these 
sources of variation interact upon each other. The lowest and deepest 
root of variation is without doult the direct cflhct of changed condi- 
tions. Without this the indirect cflhct would have had no lever with 
which to work, for the primitive 1,egimfings of variation would 
be absent, aud an accumulation )f these through personal selection 
could not take place. It is a primitive character of living substance 
to 1,e variable, that is, to lc al,lc to respond to some exteut to changed 
external conditious, and to vary in accordance with them. or--as we 
might also say--to be al,lc to exist in many very similar last not 
identical COlnlfinations of substances, and we must imagiue that even 
the first 1,i)l)hors w],ich arose thr()ugh sponta.ncous generation were 
diflbrent according to the cou,litions under which, anal the sul,stances 
from which, t hey originate, l. And from each )f these slightly diflbrent 
1,egimings there must. in the c()ursc of multiplicatiou 1)y fissiou, have 
1,ecn pro, lucel a whole gene;tlogical tree of divergent variations of 
the 1)rimitive Bioph,n'i,lw, since it is inconceivalde that all the 
dcscendal,ts wouhl renmin constantly under the same conditions of 
life under which they originated. For every persistent change in 
the conditions of existence, and especially of mtrition, must have 
involved a variatiou in the constitution of the orgauism, whose vital 
processes, and especially the repair of its body, depended on these 
conditims. 
But the external influences to which the descendants of a 
particular form of life were sulect never remained permanently 
the same. Not only did the sm'face of the earth and its climatic 
conditions change in the course of time with the cooling of the earth, 
I,ut mountains arose and were levelled again, old land-surfaces sank 
out of sight or emerged again, and so on; all that, of course, played 
its part in the transformation of the 5)rms of life, but did so to any 
consideralle exteut only at a later stage, when there were already 
highly difl)rentiated organisms. These unknown primitive beginnings 
of life must have been forced to diverge iuto diflbrent variations 
through the cliff)rent conditions of the same place in which they 
lived. 
Let us think of the simplest microscopic Monera on the nmd of 
the sea-coast, equipped with the faculty of plmt-like assimilation, 
and we shall see that their unlimited multil)lication would cause 
diflhrences in nutrition, for those lying uppermost wouhl be in 
a stronger light than those below, and wouhl, therefore, be better 
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the species. By this means germiml selection itself is ultimately 
influenced, because only those i,ls remain unreject.ed in the gel'm-plasm 
whose determinants arc varying in directions useful to the species. 
Thus there comes alout what until recently was believed to be 
inTossil,le: the c)nditions of life give rise to useful di'ections of 
wu'iation, not directly, certai,ly, but indirectly. 
We may disthguish as ;t fourth grade of selection orl 
Selection, that is, the process of selection which eflbcts the adal,tation 
om.l aml plat st,cls or corms, and which depends on the 
sta'uggle of the colonies aniong themselves. This diflbrs from personal 
selccti()u only in that it decides, n()t the fitness of the individual 
per.on, ],ut that of the stock as a whole. It is t matter of 
indifi[,rence whether the stocls concerned are st.ocks in the actual 
materid sense, or only in the ,etal)horical sense of sharing the 
commOl, life of a large family septrted by division of lal,our. Iu 
1,oth cases, iu the polyp-stock as well as in the termite or ant-colony, 
the collective germ-plasm, with all its different personal forms, is what 
is r(jected or accept.cal. The distinction 1)etween this cormal selection 
and personal selection is, therefore, no very deep one, because here 
too it is in the long run the two sexual aimals which are selected, 
not indeed only in reference t.o their visil,le features, but also in 
reference to their invisible characters, those, namely, which deter- 
mine in their germ-plasm the const.itution of their neuter progeny 
or, iu the case of 1)olyps, their asexually reproducing descendants. 
We venture to maintain that everythig in the world of 
organisms that has permanence and significance depends upon 
adaptation, and has arisen through a sifting of the variations which 
presented themselves, that is, through selection. Everything is 
adaptation, from the smallest and simplest up to the largest and 
most complex, for if it were not it could not endure, but would 
perish. The principle which Empedocles announced, in his own 
peculiar and fantastic way, is the dominating one, tnd I must insist 
upon what has so often been ol0ected to as au exaggerationthat 
everything depends upon adaptation and is governed by processes of 
selection. From the first beginnings of life, up to its highest point, 
only what is purposeful has arisen, because the living milts at every 
grade are continually being sifted according to their utility, and the 
ceaseless struggle for exist.ence is continually producing and favouring 
the fittest. Upon this depends not only the infinite diveit.y of the 
forms of life, but also, and chiefly, the closely associated progress of 
organization. 
It cannot [,e proved in regard to each individual case, but it can 
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1,e shown in the main that attaining a higher stage in organization 
also implies a predominance in the struggle for existence, because it 
opens up new possibilities of life, adaptatious to situations not 
previously utilizable, sources of food, or places of refuge. Thus 
a numl.er of the lower verelwatcs ascended from the water to the 
land, and adal)tCd themselves to life on dry land or in the air, 
first as clumsily moving salamanders, l,ut later as actively leaping 
frogs; thus, too, other descendants of the fishes gained a sufficient 
carrying power of liml,s to raise the lightened body from the ground, 
and so attained to the rapid walk of the lizards, the lightning-like 
leaps of the arboreal agamas, the brief swooping of the flying-dragous, 
and ultimately the continuous flight which we find in the flying 
Saurians and the primitive lfirds of the 3urassie 1)eriod, and in the 
1,irds and 1)ats of our own day, 
It is obvious that each of these gr()ups, as it originated, conquered 
a new (h)main or' life, al,l in many eases tlds was such a vast one, 
and contained so ninny special possil,ilities, that numerous su],ordinate 
adaptations to[)k place, and the group 1,roke up into many species 
and genera, even into families and orders. All this did not eome 
abou leeause of some definitely directed principle of evolution of 
a mysterious nature, which impelled then to vary in this direction 
and in no other, 1)nt solely through the rivah T of all the forms of 
life and living units, with their enormous and ceaseless multiplication, 
in the struggle for existence. They were, and they are still, forced 
to a,lap themselves to every new possibility of life attainable to 
them: they are al,le to do this leeause of the power of the lowest 
vital units of the germ to develop numerous variations" and they are 
obliged to do it because, of the endless number of descendants from 
every grade of vital unit, it is only the fittest whieh snrvive. 
Thus higher types branched off fvm the lower filn time to 
time, although the parent type did not necessarily disap1)ear; indeed 
it could not have disappeared as long as the conditions of its life 
endured; it was only the superflnous members of the parent form 
that adapted themselves to new conditions, and as, in many eases, 
these required a higher organization, there arose a semblance of 
general upward development which simulated a principle of evolution 
always upwards. But we know that, at many points on this long 
road. there were stations where individual groups stopped short and 
dropped back again to lower stages of organization. This kind 
of retreat was almost invariably caused by a parasitic habit of life, 
and in many eases this degeneration has gone so far that it is difficult 
to recognize the relationship of the parasite to the free-living anees- 
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tors and nearest relatives, lIany parasitic Crustaceans, such s the 
Rhiz()cephali,ls, lack almost all the typical characteristics of the 
crustacean body, and dispense not only with segmentation, with 
head and limbs, 1)ut also with stomach md intestine. As we have 
seen, they feed like the lower fungi, ly sucking up the juices of 
their hosts, by lneans of root-like outgrowths from the place where 
the mouth used to be. Nevertheless, their relationship to the Cirrhi- 
pedes can be proved fl'om their larwd stages. There are, however, 
pal'sites in the kidneys of cuttlcfishthe Dicyeluide--in regard to 
which naturalists are even now uudecided whether they ought to 
form a lowly class by themselves 1,etween unicellulr animals ;l,l 
Metazoa, or whether they have degenerated, 1,y reason of their 
ptrasitism, from the flat worms to a simplicity of structure elsewhere 
uuknown. They consist mly of a few external cells, which enclose 
a single hu'ge internal cell, possess no organs of any kind. neither 
m,uth nor intestine, neither nervous system nor special reproductive 
organs. But although degeneration canuot be proved in this case, 
it cau be in hundreds of or.her cases with aI,solute certainty, as, 
for instance, in the Crustacea 1,elonging- to the order of Copepods, 
which are parasitic upon fishes, in vhich we find all possible stages 
of degeneration, according to the degree of parasitism, that is, to 
the greater or less degree of dependence upon the host; for organs 
degenerate and disappear in exact proportion to the need for them, 
mid they thus show us that degeneration also is under the domination 
of adaptation. 
Thus retrogressive evolution also is 1,ased upon the power of the 
liviug units to respond to changing influences by varia.tion, and upon 
the survival of the fittest. 
The roots of all the h-ansformations of orgauisms, then. lie in 
changes of external conditions. Let us suppose for a moment that 
these might have remained absolutely alike from the epoch of 
spontaneous generation onwards, then no variation of any kind and 
no evolution would have taken place. But as this is inconceivable, 
since even the mere growth of the first living substance must have 
expose,] the diflbrent kinds of biophors composing it to diflbrent 
influences, variation vas inevital,le, and so also was its resultthe 
evolution of an animate worhl of organisms. 
External influences had a twofold ect at every stage upon 
every grade of vital unit, namely, that of directly causing variation 
and that of selecting or eliminating. Not only the biophors, but 
every stage of their combinations, the histological elements, chloro- 
phyll bodies, mule-disks, cells, organs, individuals, and colonies, can 
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up the story, of which we have o'iv 
 cn a mere outline. I simply wish to 
point out that iu parasitic animals there is a vast rnge of forms of life 
in which the most Dcise adaptation to the couditions occurs in lmost 
every organ, and certainly at every stage of life, in the most con- 
spieuous and distinct manner. In the earlier 1)art of these lectures we 
gained from the study of the diverse protective means ly which plants 
and animals secure their existelme the impression that whatever is 
suited to its end {lh Z,'e(.le,,,,7ie) does not depend upon chance for 
its orig'in, ],ut that every a&Ttatim which lies at all within the 
possihilities ot" a species will arise if there is any easion for it. 
This impression is notaldy strelgthened when we think of the life- 
hist.m T of parasites, and we shall fin,1 that our view of adaptations as 
arising, not throagh the seleeti(m ,)f indefiite varia[i(ms, 1,ut through 
that of variations in a ,lcfinite ,lireetim, will i,, emfir,e,1. A,laptati,,ns 
so diverse, an,1 sueeee, ling one an)ther il such an unfailing order as 
those in the life-bistro T )f a tape-worm, n liver-fluke, or a 
ealm()t possildy ,/(,1)e,l upon I rare elmnce. 
'evertheess, ehauee does play a part. in adaptations and speeies- 
transformatims, and that not only il relation t the fundamental 
processes within the germ-plasm. ],nt also iu eonlmxion with the higher 
stages of the processes of selection, as I have already 1,riefly indicate,1. 
Afar the puldieation of my hypothesis o germinal selection it was 
triumphantly pointed out that I had at last I,een ol,liged to admit 
a phyletie evolutionary force, the 'definit.ely directed' x ariation of 
Nggeli and Askenazy. This tel)roach--if to allow oneself to 1,e con- 
vince,1 Ie a repr)aeh--is 1,ase,1 upm a serious misunderstanding. 
My ' variat.ion in a definite direeti(m' does not reDr to the evolution 
of the organic world as a whoh.. I d) not suppose, as Niigeli did, 
that this would have turned out essentially as it has actually done, 
even although the conditions of life or their succession upon the earth 
had been totally ,Ill, rent ; I believe that the organic world, its elasses 
and orders, its families and species, wouhl have diflbred from thoe 
that have actually existed, both in succession and appearance, in pro- 
portion as the conditions of life were diff,.rent. My ' variation 
 definite direction' is not predetermined from the 1,eginning. is not, 
so to speak, exclusive, 1)ut. is many-sided: each determinant of 
germ-plasm may va T in a 1)lu or minus direction, and may eontinne 
under certain eiremnstanees in the direction once begun, but its 
ponents, the diflbrent biophors, may do the salne, and so likewise may 
the groups, larger and smaller, of 1-,iophors which form the pimordia 
(A,d(,ge) of the ogans within the germ-plasm. Thu an enormously 
large umnber of variat.ioual tendencies is available for evm T part of 
II, cc 
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ve do not knmv under what external conditions the origin of living 
matter, even in hc smalles quaniy, can ake place; I mean, 
esl)ecbdly, tha we do no un,lersand hov his one substance 
should suddenly reveal qualiies which lmve never been deeced 
in any oher chemical combination whatever--the circulation 
maer, metalolism, growth, sensaiou, will, and movement. Bu 
we may confidently say tha we shall never le al,le fully to under- 
sand hese specific phenomena of life, as indecd how should we, 
since no0fing anahgous o them is known to us, and since under- 
san, ling always presupposes a comparison wih something knmw. 
Even although we assume ha wc migh succeed in un, lersanding 
he mere chemistry of life, as is no inconceival de, I mean thepeetu, t 
qzobile of dissimilation and assimilation, he so-called' animal" functi, ms 
of the living sul,stance wouhl remain unconq)rehended: Sensation, Will, 
Thought. We un(lersand in some measure how he kidueys secrete 
urine, or he liver 1,ile; we can also--given the sensitiveness to stimulus 
of he living sulsance--mdersand how a sense-impression may be 
conveyed ly he ncrves ) he 1wain, carried along certain reflex 
paths o motor nerves and give rise to movemen of the muscles, 1,u 
how the iviy of certain brain-elements can gx e rise o a hough 
q{'l[('lt (.a,,,ol be ('o,,2(,'(d v'ith ,,,ytli**y mate'id, which is never- 
heless able to reac upon the material parts of our body, an, l, as 
Will, o give rise o movemen--ha we atemp in vain o understand. 
Of course he dependence of thinking and willing upon a material 
sulstra.um is clear enough, and i can le demousrated wih certainty 
in many directions, an,l hus materialism is so far justified in drawing 
parallels between the 1,rain and honght on he one hand, and the 
kidneys and urine on the oher, lu his is by no means to say ha 
ve have understood how Thought and Will have come to be. 
recen imes i has often been pointed ou t.ha the physical functions 
of he l_,ody increase very gradually with the successive stages of the 
organization, and from the lowes 1,eo'imfin-s ascend slowly o the 
intelligence of Man, in exac correspondence with he heigh of 
organization ha has leen reached ly the species; ha they begin 
so imperceptil,ly among the lower animal forms ha we cammt 
ell exactly where he beginning is ; and i has been rightly conclu, led 
from this tha the elements of he Psyche do no originate in the 
histological pars of he nervous sysm, bu are peculiar o all living 
maer, and it has further 1,een inferred ha even inorganic material 
may contain them, although in an unrecognizable expression, aud tha 
hm" emergence in living matter is, so o speak, only a phenomenon 
of summation. If we are righ in our assumption of a Sl)onaneous 
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this can 1,e of no i,,Torta,ce i, relation t(, the struggle for existence. 
But this intensity t" the power ()f vision has obviously not been 
acquired f,)" the i,x'est.igati,,n of the starry heavens, 1,ut was of 
the greatest value in securing t, he existence of many of our animM 
ancestors, an, I was ,ot less ilnpOl'tant for our OWll. In the same 
way our finely evolved musical ear might 1,e regarded as a perfecting 
,f the heariug alq)aratus far 1,cytmd the degree necessary t, existence, 
I,ut this is n,t really- the case: ,m" musical ear, too, has 1,eeu inherited 
from onv aui,tml tliCeStOl's, a,i[ t( t.]iem, as to primitive Man, it 
was a ,cccssity of existence. It was ,luite necessai 3" fOl" the animals 
to distinguish the higher and lower notes of a long scale, sharply 
ml ce'taily, in order to 1,t. al,le to evade an approachilg enemy, 
t" to l'ecognizc prey from tfav. That we are al,lc to make music 
is, so t( sl)c,l. mly ;,,t unith.nt.imal accessory power of the hearing 
wgans, which WCl'C wigimdly dovch)l)e,1 only for the preservation 
)f existt.,ce, just as the hm,tal hall, I did not 1,ecome what it is 
i,. ,,'(lec l,, l,l,y tl, e l,i,,,,. I,ut t.) touch mid seize, t) make ls, 
;llltl SO Oil. 
Mttst tl;s, tltc,, be tcte (dso (f tle lt,,t,, mi,vt ? Can it, too, 
,nly 1,c devch,l,c,1 as far as its ,leveh)pmeut is of advantage to Man's 
power of SUl'vival I 1,elieve that this is certainly the case in 
a gelmral way" the intellectual powers which are the common 
property of the human race will never rise beyond these limits, 
1,ut this is not to say that certain iudividuals may not be nore 
highly etdowed. The possildlity of a higher tlevclopment of certain 
met.al powers or of their coral,libations--whether it be intelligence, will, 
feeling, inventive power, Ol' talent for mathematics, music or painting 
--may 1,e inferred with certainty from our own principles; for not 
mly may the variational tendencies of individual groups of deter- 
minants iu the germ-l)lasm 1,e continued for a series of generations 
without 1,ecomig injurious, that is to say, without 1,cing put a stop 
to ],y personal select.io,t. 1,ut sexual intermiligling always opens up the 
possibility that some predominantly deveh)l)ed intellectual tendencies 
(Al(tge) may c(m,1)ine in one way or another, and so give rise to 
individuals of great mental superiority, in whatever direction. In 
this way, it seems to me, the geniuses of humalfity have arisen 
a Plato, a Shakespeare, a Goethe, a Beethoven. But they do not last; 
they do not transmit their greatless" if they leave descendants at all, 
these never inherit the cl,,,le greatness of their father, and we can 
easily mderstand this, since the greatness does not depend upon 
a single character, l,ut upon  particular combination of many high 
mental qualities (Ad(qle). Geniuses. therefore, prol,ably never raise 
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when the' Nttrc-spirit' calls to Faust, '])u gleichst dem Geist, den 
l)u legreifst, nicht mir!' For all time Mm must repeat this to 
himself, 1,ut the need for an ethical view of the world, a religion, 
will remain, thog'h even this must chang'e in its expression accordin 
to the advance of our knowledge of the world. 
ut we must not conclude these lectures in a slirit of mere 
resig'nation. Although we must content ourselves without being able 
to penetrate the arcamt of this wonderful world, we must remain 
consci,us, at the same time, that these unfathomable depths exist, 
aml that we may' still verchren was unerforschlich ist' (Goethe). But 
the other half of the world, I mean the part which is accessible 
to us, discloses to us such an incxhastil,le wealth of phenomena, 
and stlch a ,loop aml unfiling enjo.'ment in is 1,eauty an,l the 
harmonious interaction ,f the immmcral,lc wheels of its marvellous 
mechanism, that the investigation of it is luite worthy to fill 
lives. And we need have no fear that there will ever le any lack 
of new ltwstions and new prol,lems to solve. Even if Mankind 
coul,l contime for ccntu'ies cluietly working on in the manifold and 
restless maturer that has, for the first time in the history of human 
thought, characterized the century just gone, each new solution wouhl 
raise new -lUCStions above and lc]ow, in the immeasurable space 
f the firmament, as in the world of microscopical or ultramicroscopical 
minuteness, new insight would he gained, new satisfaction won, 
and our enthusiasm over the marvel of this worhl-mechanism, so 
extraordinarily complex yet so beautifully simlle in its operation, 
will never be extinguished, lut will always flame up anew to warm 
an,1 illumine ,ur lives. 
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